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Desired forest conditions, or DFCs, are recently created parameters which strive
to create diverse stands of hardwoods of various species and age classes, along with
varying densities and canopy gaps, through the use of uneven-aged silvicultural methods
and repeated stand entries. Little research has been conducted to examine residual stand
composition and hardwood regeneration after DFC installment. The objectives of this
study were to characterize forest overstory and midstory conditions after DFC treatments,
assess the natural regeneration, and to characterize available light in the treatment and
control areas. Residual stand conditions after application of DFC harvest guidelines
indicate that shade tolerant species will be the future occupants of the sites and oaks will
diminish or disappear over time. This documented initial forest response to DFC
treatments can be used by forest and wildlife habitat managers when assessing the
potential outcomes of DFC management.
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CHAPTER I
INTRODUCTION

Managers of southern bottomland hardwood forests have recently been introduced
to a new approach to forest management. Desired forest conditions, or DFCs, are
parameters which strive to create diverse stands of hardwoods of various species and age
classes, along with varying densities and canopy gaps, through the use of uneven-aged
silvicultural methods and repeated stand entries. Desired forest conditions are frequently
promoted as enhancing habitat conditions for many threatened neotropical migratory bird
populations and other wildlife species. However, little research has been conducted to
examine residual stand composition and hardwood regeneration after DFC application.
From a silvicultural standpoint, it is very important to characterize regeneration to
determine what long term effects DFCs could have on hardwood forest composition.
Proponents of DFCs claim that this management practice will not shift forest
composition toward shade tolerant species (LMVJV 2011). Although oak or other
commercially desirable trees are significant timber species on many southern bottomland
hardwood sites and simultaneously provide valuable food and cover resources to many
wildlife species, regeneration of these species is not a top priority of DFC management.
Regardless of the objectives given by the creators of DFCs, it is responsible stewardship
to consider the outcome of any land management practice prior to application. Since
DFC parameters have been created in the last decade, it is imperative to begin to
1

characterize and document early forest response in order to understand long-term forest
impacts. These DFCs have recently been heavily promoted for use on nonindustrial
private bottomland hardwood forest land (LMVJV 2011). It is the purpose of this study
to provide critical information to land managers and other decision makers regarding the
application of these practices.
The first objective of this study was to characterize residual forest conditions after
DFC application, including species composition and basal area within the overstory and
midstory. The second objective was to evaluate natural regeneration by species
composition and density. The final objective was to measure the amount of available
light in each of the three treatment types: light-cut, heavy-cut, and control areas.
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CHAPTER II
LITERATURE REVIEW

Desired Forest Conditions
“Desired Forest Conditions”, commonly known as DFCs, include a range of
forest parameters designed to improve habitat for wildlife species of special conservation
concern. These proposed forest parameters include primary and secondary management
factors.
The primary management factors include four directly manipulative parameters:
canopy cover, mid-story cover, basal area, and tree stocking rate (LMVJV 2007). Under
DFC management, the range of optimal canopy cover is 60-70%, whereas 80% or greater
canopy cover indicates that canopy reduction is needed. In addition, mid-story cover
should be managed within a range of 25-40% cover, where conditions either below or
above this range reveal a need for management. Basal areas greater than 90 ft2/acre are
used as an indicator for density reduction to a desired basal area range from 60-70
ft2/acre. The fourth primary factor under DFC management also relates to stand density
and calls for tree stocking to be within range of 60-70%. According to DFC guidelines,
these primary forest management factors should be maintained through the use of a
silvicultural uneven-aged management system.
Secondary factors include seven parameters which are proposed to occur
indirectly as a result of meeting the primary management factor guidelines. The seven
3

parameters include: emergent tree abundance, understory cover, regeneration, woody
debris, small cavities, large cavities, and stressed trees or “snags”. Desired forest
conditions strive to maintain emergent trees, whose crowns make up the overall canopy,
at densities greater than 0.5 trees/acre. Herbaceous understory density should be
maintained at 25-40% cover and controlled if outside of this range. The DFC guidelines
strive to create adequate regeneration of emergent tree species by promoting their
establishment on at least 30-40% of the area in minimum densities of 500 trees/acre.
Woody debris is defined by DFC guidelines as dead wood on the forest floor having a
diameter greater than 10 inches, and the minimum target volume for woody debris is 200
ft3/acre. In addition, tree cavities are components of DFC management.
Cavities are divided into two categories—small and large. Small cavities are
defined as having a diameter less than 10 inches. According to Lower Mississippi Valley
Joint Venture (LMVJV 2007), the minimum desirable distribution of small cavities
include four apparent cavities per acre, or four snags per acre with minimum diameters of
four inches each. Large cavities are defined as openings larger than 10 inches, and are
desirable at a minimum distribution of one cavity per 10 acres or two snags per acre with
minimum diameters of 26 inches each. The final secondary DFC factor includes snags
with minimum diameters of 10 inches when measured at breast height (approximately 4.5
feet above ground level). Snags of this size class are desirable at a minimum of 6 trees
per acre (LMVJV 2007). In summary, DFC parameters require forest managers to
sustain a minimum of 12 dead trees per acre, of which 8 trees must have a dbh greater
than 10 inches.
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Natural Oak Regeneration in Southern Bottomland Hardwoods
Natural regeneration of shade intolerant oaks (Quercus spp.) is a critical
component of forest management in southern bottomland hardwood systems (Meadows
1994, Meadows and Stanturf 1997). Oak species are often the most commercially
desirable of the southern bottomland hardwoods, but their re-establishment after harvest
requires careful attention to planning prior to harvest (Hart et al. 1994). The most
desirable of the oak species include cherrybark oak (Quercus pagoda), Nuttall oak
(Quercus nuttallii), Shumard oak (Quercus shumardii), swamp chestnut oak (Quercus
michauxii), willow oak (Quercus phellos), and water oak (Quercus nigra) (McKnight and
Johnson 1980, Putnam 1951, Putnam et al. 1960).
Before any harvesting is planned in a bottomland hardwood forest, it is imperative
to conduct an inventory to determine regeneration potential, i.e. the amount of advanced
regeneration on the site. Advanced regeneration is simply defined as seedlings which
developed in the understory before any type of release or harvest was initiated on the
stand (Aust et al. 1984). Most forest managers consider desirable advanced regeneration
to be a minimum of one to three feet tall with a well established root system (Ezell 2013).
Ensuring that adequate advanced regeneration is present before harvest is the primary
way to successfully regenerate a stand of oaks (Hodges 1989, Hodges and Switzer 1979,
Larsen and Johnson 1998). Although the advanced regeneration will likely be damaged
during harvesting activities, the seedling will likely survive if the root system is not
damaged. This well-established root system will support the vigorous height growth of a
re-sprout capable of competing with other less desirable species if the original stem is
cut. Work performed by Lockhart et al. (2000) confirms that clipped seedlings of
5

advanced cherrybark oak regeneration in a bottomland hardwood forest are very capable
of re-sprouting. They discovered that the root systems of these seedlings will
consistently support the height growth of the more vigorous re-sprouts back to their
previous height before stem removal if suitable light levels are present.
There are two other means by which oak regeneration can be attained, but both
ways are much more variable in utilization and success. Stump sprouting is one method
by which oaks can regenerate. However, successful regeneration from stump sprouting is
only expected from trees less than 12 inches in diameter (Hodges 1989, Meadows 1994).
Gardiner and Helmig (1997) noted that these small diameter stumps may sprout
vigorously following harvest, but survival of these stems is consequently lowest during
this period soon after harvest. They also note that a decrease in light availability due to
gradual canopy closure leads to decreased long term stump sprout survival as well. In the
past, there were concerns of widespread problems with butt rot in logs which developed
from stump sprout regeneration. However, it has been shown that modern harvesting
techniques cut a stump so low to the ground that any stump sprouting is not likely to
contract butt rot from the parent stump (Aust et al. 1984). Since virtually all oaks
harvested in bottomland forests are greater than 12 inches in diameter, sprouts are not
expected to be a significant component of oak regeneration in these areas.
The third form of regeneration is new seedling growth from recently germinated
acorns. However, this is the least predictive method to ensure successful regeneration
following removal of the parent stand (Hart et al. 1994). There are several reasons why
the last acorn crop is typically not depended on for regeneration purposes (Barry and Nix
1992). First, provided there is a sufficient source for quality acorns within the immediate
6

area, acorn production is highly variable from year to year. Predation rates by herbivores
can also have detrimental impacts on the abundance of seedling regeneration depending
on the habitat conditions of the site (Castleberry et al. 2000, Collins 2003). Even if a
bumper acorn crop germinated and avoided predation prior to harvesting operations,
seedlings which grow from these acorns will face intense competition from less desirable
shade tolerant species (Hodges and Janzen 1986). Any substantial increase in light to the
forest floor promotes establishment and height growth of species which have adapted to
rapidly colonize and thrive in disturbed areas. In contrast, newly germinated first-year
oak seedlings struggle to develop roots while trying to compete with these rapidly
growing species at the same time (Carvell and Tryon 1961).
First-year oak seedlings can be successful in establishing regeneration under
proper conditions, but the need to maintain conditions favorable for the development of
advanced oak regeneration prior to and following harvest is critical. Oak seedlings have
a wide reported time range of survival in the shaded understory. Many oak seedlings will
die after one or two years without sufficient light. However, Meadows (1994) suggests
that some bottomland oaks may survive from five to ten years in the understory. Another
source reports that oaks can persist from 15-20 years (Hurst and Myers 1982).
Regardless of age, these seedlings do not attain tall heights or large diameters, but instead
grow and die back to the root collar because of their shade intolerance and the low light
conditions in which they are growing. These years of growth and die-back do not result
in a large seedling but a root system may be established if light and other resources are
adequate. Accordingly, when a timber harvest is conducted and light is made available,
these seedlings may become established, but they are not considered to be a likely source
7

of future oaks. In any case, newly germinated seedlings must be released from shade the
first year to be successful. The best alternative is to have advanced oak regeneration
which is better prepared to compete with other vegetation in order to survive (Hodges
1989, Hurst and Bourland 1980, Meadows and Hodges 1997, Rogers et al. 1993).
Silviculture in Southern Bottomland Hardwoods
Silvicultural systems are commonly separated into two categories: even-aged and
uneven-aged systems (Meadows and Stanturf 1997). In both cases, these systems are
applied to the stands within a forest and not the forest as a whole. Even-aged stands are
defined as stands where the range of age difference between the youngest and oldest trees
is less than 20 percent of the rotation length of the stand (Smith 1986). Many studies
indicate that even-aged management is more successful than uneven-aged management
when managing shade intolerant species for commercial timber production (Hodges
1987). There are three harvesting techniques commonly classified as even-aged harvest
methods: clearcutting, seed tree harvests, and shelterwood harvests (Meadows and
Stanturf 1997). In contrast to even-aged management, uneven-aged stands are comprised
of trees in three or more age classes (Smith 1986). The two primary harvesting
techniques used to establish uneven-aged stands are single tree selection and group
selection (Meadows and Stanturf 1997). These two uneven-aged methods have been
suggested to achieve the specified parameters of DFC management (LMVJV 2007).
Clearcutting
Clearcutting is used both as a harvesting method and as a regeneration method.
As a harvesting method, clearcutting removes the majority of commercial stems with no
8

regard for regeneration. As a regeneration method it is only successful if a regeneration
potential (advanced regeneration) is present. In reality, a successful clearcut is in essence
a one cut shelterwood since the regeneration is established under the older stand and then
released. Clearcutting has been widely used in the past and promotes rapid establishment
and development of shade intolerant species after harvest (Meadows and Stanturf 1997,
Kellison et al. 1988). Average size of a clearcut varies depending on tract size, but this
term typically refers to harvest areas greater than at least 10 acres (Kennedy and Johnson
1984). There are two variations of the clearcutting method. The first method is complete
clearcutting. With this method, all of the stems on a site are removed regardless of their
merchantability. This method has been considered as preferable by some for
regenerating bottomland oaks because it reduces competition, removes low vigor trees
with poor genetics, decreases the probability of less desirable species becoming dominant
within the future stand, and increases light availability to the seedlings. The less
preferred method of clearcutting is the commercial clearcut. As the name implies, this
method removes only merchantable stems from a site with no regard for regeneration
(Meadows and Stanturf 1997, Meadows and Hodges 1997). As a result, less desirable
and poorly formed trees remain standing after harvest. Commercial clearcutting is
discouraged because residual trees of poor vigor and genetic stock compete with
desirable regeneration for light and other resources, and become the source of less
desirable regeneration within future stands.
Patch clearcutting is a variation in the application of a clearcut (Kellison and
Young 1997). Rather than harvesting the entire area in either a complete or commercial
clearcut, small patches of timber are harvested throughout a stand. Sizes of patch
9

clearcuts also vary, but they usually range from one to three acres, and are generally less
than 10 acres (Meadows and Hodges 1997). This technique is similar in application to a
group selection method which is discussed below, but patch clearcutting creates small
patches of even-aged groups which individually are too small to be managed as
independent stands. This method is becoming more popular in bottomland hardwoods
because it maintains a balanced uneven-aged forest composed of even-aged stands
(Meadows and Hodges 1997). This type of management is especially popular when
managing hardwoods while incorporating wildlife management objectives (LMVJV
2007).
Clearcutting can be an ideal harvest method if adequate advanced regeneration is
present (Sander 1971), but it can drastically alter the species composition of a site if
advanced regeneration of desirable species is not present (Meadows and Stanturf 1997).
For example, if oaks are the desired component for the next stand yet little or no
advanced regeneration is present prior to harvest, stump sprouting and acorn germination
will likely be inadequate regeneration sources unless the cut is timed properly (Stanturf
and Meadows 1994). As a result, the advanced regeneration of other potentially less
desirable shade tolerant species will thrive and become a major component of the next
stand. Careful consideration must be made regarding clearcutting in a southern
bottomland hardwood forest to ensure that the species composition of the next stand is
not shifted to less desirable species. This applies to both patch clearcuts and large areas.
Seed Tree Harvest
A seed tree harvest is performed by removing the majority of stems from an area,
but leaving single trees throughout the area for future sources of seedstock (Meadows and
10

Stanturf 1997). Kennedy and Johnson (1984) gave recommendations for maintaining a
range of eight to ten residual trees per acre. Remaining trees are selected based on both
qualitative characteristics and their distribution throughout the area. These residual trees
are typically harvested after adequate regeneration has been established. However, these
methods often promote dispersal and regeneration of light-seeded species, such as yellow
poplar (Liriodendron tulipifera) and sweetgum (Liquidambar styraciflua) (Meadows and
Stanturf 1997). In addition, light-seeded species have the potential to regenerate from
coppice or from older seed stored in the soil (Kellison and Young 1997). This system is
not used for heavy-seeded species such as oaks because the seed typically does not have
the ability to be disseminated outside of the crown radius from the parent tree (Johnson
and Shropshire 1983). In some cases, it may be necessary to perform mechanical site
preparation in order to expose the bare mineral soil and create other soil conditions
suitable for regeneration of some species (Kennedy and Johnson 1984). Due to the
limited effectiveness of this technique for regenerating southern bottomland hardwoods
(Hodges 1989), this method is seldom used except in specific scenarios such as eastern
cottonwood (Populus deltoides) management (Meadows and Stanturf 1997).
Shelterwood Harvest
Shelterwood harvest is similar to a seed tree harvest, except that more trees are
left standing in a shelterwood (Meadows and Stanturf 1997). This method has long been
recognized for its potential to successfully regenerate commercially desirable shade
intolerant species, such as the oaks, after careful planning and harvest (Meadows and
Hodges 1997). When selecting the trees to be harvested, it is important to emphasize the
removal of less desirable species and only low vigor trees of desirable species (Goelz and
11

Meadows 1997). It is equally critical to maintain trees of desirable species and good
form to serve as additional seed sources for regeneration (Meadows and Stanturf 1997).
Forest managers should ensure that there is a good acorn crop available at the time of
harvest and that the newly germinated seedlings are released the first year. During
harvest, care should be taken to protect these reserve trees from excessive damages which
could be sustained from careless logging and skidding (Meadows 1993, Meadows 1996).
After the initial harvest, residual trees are harvested in one or more cuts after a suitable
amount of desirable advanced regeneration has developed. The shelterwood method is
the most flexible of all the harvesting choices and can be adapted to regenerate virtually
any species.
In recent years, studies have determined that success of shelterwood harvests for
regenerating oaks can be highly variable, with regeneration success strongly linked to
advanced regeneration prior to shelterwood establishment (Hodges 1989). In heavily-cut
shelterwood harvests, there is a high potential for fast-growing shade intolerant species to
be established, including cottonwood, yellow-poplar, and even loblolly pine (Pinus taeda)
(Battaglia et al. 1999). Fast growing species can easily out-compete new oak seedlings in
height growth, thereby limiting the development of newly germinated oak seedlings.
Likewise, a lightly-cut shelterwood harvest presents the risk of opening the canopy too
little and allowing inadequate light levels to reach the new oak seedlings. As a result,
light shelterwood risks the release of less commercially desirable shade tolerant species,
including red maple (Acer rubrum), hickory (Carya spp.), American hornbeam (Carpinus
caroliniana), boxelder (Acer negundo), American beech (Fagus grandifolia), and others
(Meadows and Hodges 1997). In either situation, newly germinated seedlings have a
12

minimal chance of developing into successfully competitive regeneration. This
underscores the importance of promoting advanced regeneration prior to a shelterwood
harvest. Even though the application of the shelterwood method can be very complex,
success may be attained by ensuring the presence of advanced regeneration prior to
harvest and creating adequate light levels necessary for height growth (Clatterbuck and
Hodges 1993, Hodges 1989).
In addition to ensuring proper overstory removal during a shelterwood harvest, it
is equally important to consider the density of the midstory prior to harvest (Janzen and
Hodges 1984, Janzen and Hodges 1986). Relatively high site indices and ideal
environmental conditions for growing desirable hardwoods in bottomland forests often
promote growth and development of dense midstory stems as well (Kellison and Young
1997). In many cases, application of a shelterwood harvest would be ineffective because
the midstory would inhibit increased light from reaching the advanced regeneration in the
understory. As a result, it is often complementary to precede a shelterwood harvest with
some form of midstory control (Guttery et al. 2006, Peairs et al. 2003, Sander 1972). In
fact, many studies have concluded that midstory control leads to significantly greater
growth and development oak regeneration in bottomland hardwood forests (Guttery et al.
2006, Lockhart et al. 2000, Lowery et al. 1998, Peairs et al. 2003). Faust (1983)
promotes the use of timber stand improvement cuts to remove less desirable or poorly
formed stems of pulpwood size, but most southern bottomland hardwood forest
midstories include stems too small for pulpwood harvest. To manage these smaller
stems, efficient control is often attained through the use of herbicide by the hack-andsquirt method (Ezell et al. 1999). After deadening the midstory, a proper shelterwood
13

harvest should successfully open the canopy sufficiently to promote establishment and
growth of advanced oak regeneration (Janzen and Hodges 1986).
When considering midstory control and subsequent overstory harvests, the
planning and timing for these practices is critical. Lockhart et al. (2000) notes that
bottomland red oaks do not typically respond to the increase in available light following
midstory control until three years after treatment. Therefore, thorough application of
midstory control is required to ensure that adequate light levels are sustained through the
next few years after treatment. Partial overstory removal following midstory control will
also contribute to the intermediate light levels needed to enhance the slow growth of oak
regeneration. Gardiner and Hodges (1998) determined that bottomland red oak
regeneration is best established under intermediate light levels ranging from 27-53%.
Under this range, seedling growth patterns were optimized because the increase in root to
shoot biomass remained relatively equal. They found that levels of light availability
above or below this medium range caused seedlings to grow less due to irregular root to
shoot biomass ratios.
Single Tree Selection
Single tree selection is an uneven-aged harvesting strategy where single trees are
randomly removed throughout a stand (Meadows and Stanturf 1997). Species and
quality of trees removed in these types of harvests vary widely depending on the
objectives of the logger and/or timber marker. These types of harvests are ideally used to
remove less vigorous or poorly formed trees within a stand, or to create small openings in
the canopy. However, relatively small and widely interspersed canopy openings do not
allow sunlight penetration to the forest floor in amounts necessary for successful
14

regeneration of desirable shade intolerant species. In addition, small openings tend to
close quickly due to an increased growth response from shade tolerant vegetation which
was present prior to harvest. As a result, openings tend to favor development of shade
tolerant trees and vines. Growth and development of these species present the danger of
shifting community composition to primarily shade tolerant species (Meadows and
Stanturf 1997). Single tree harvests can also result in “high grading” which removes only
the best stems from an area and leaves less desirable trees for regeneration of the stand
(Meadows and Hodges 1997). These factors discourage use of the single-tree selection
method in southern bottomland hardwood forests managed for commercially desirable
shade intolerant species such as oaks. Though this method is seldom ideal to achieve
biologically and economically sound forest regeneration and management objectives, it
may be used in cases where public perception, aesthetics, and/or environmentally
sensitive landscapes warrant greater importance of intensely selective or minimally
invasive harvests (McKnight and Johnson 1980).
Group Selection
Group selection harvest involves the removal of small clumps of trees throughout
a stand to create and maintain an uneven-aged stand. The openings made during group
harvests are ideally not wider than twice the height of the trees which border the gap
(Golden 1994, Meadows and Stanturf 1997). In general, these group selection openings
equate to less than 2 acres (McKnight 1967). In order to create characteristic unevenaged classes within the stand, repeated entries for harvesting on alternating intervals are
required (Kellison and Young 1997, Mitchell and Beese 2002). While these harvests are
slightly more beneficial to shade intolerant hardwood regeneration than single tree
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selection, desirable species are usually only regenerated within the centermost sunlit
portions of the openings (Collins and Battaglia 2008, Meadows and Hodges 1997). The
majority of the area outside the center of the opening continues to receive filtered
sunlight periodically throughout a day. As a result, this harvest method has historically
been shown to shift forest composition to less desirable shade tolerant species (Meadows
and Stanturf 1997). If a well established midstory is present, it is unlikely that any shade
intolerant species will be established in these openings. Rather, the shade tolerant species
in the midstory will be released to occupy the overstory. Regeneration of shade
intolerant species requires the same environmental conditions and regeneration potential,
such as seed sources and good acorn crops, in group selections as needed in larger
clearcuts that have been proven to successfully regenerate oaks and other commercially
desirable species.
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CHAPTER III
MATERIALS AND METHODS

Site Description
Field research for this study was conducted at two locations. The first site was in
O’Keefe Wildlife Management Area (WMA) which is managed by the Mississippi
Department of Wildlife, Fisheries, and Parks (MDWFP). It is located in Quitman
County, approximately seven miles south of Lambert, MS. DFC treatments were applied
to an approximate 280 acre bottomland hardwood stand, (Latitude 34.111634, Longitude
-90.286287), on the west side of the WMA in July 2011. The alluvial soils in this stand
were primarily silt loams and silty clay loams. O’Keefe WMA has a relatively flat
topography, being located in the Mississippi Alluvial Valley, but does not typically flood.
The overstory is primarily comprised of mature bottomland hardwood species, including
oaks (Quercus spp.), green ash (Fraxinus pennsylvanicum), sweetgum, and hickories.
The average total height of the overstory canopy is 90 feet. Midstory species primarily
include hickories, elms (Ulmus spp.), and red maple (Acer rubrum). The understory is
somewhat suppressed due to low sunlight penetration to the forest floor, resulting from a
high percentage of crown closure. As a result, most hardwood regeneration is less than
one foot in height.
The second study site was comprised of two adjacent tracts within a private
landholding owned by Catfish Point Land and Timber Company LLC. It is located in
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Bolivar County, MS, (Latitude 33.681520, Longitude -91.161628), adjacent to the
Mississippi River. Catfish Point is approximately 15 miles northwest of Greenville, MS.
The Catfish Point Air Strip stand was approximately 84 acres in size, and the Catfish
Point Main Road stand was 52 acres. DFC treatments were applied to the Air Strip stand
in February 2010 and to the Main Road stand in February 2011. These soils were also of
alluvial origin, and included very fine sandy loams, silt loams, and silty clay loams.
These stands were both located behind the Mississippi River levee, and occasionally
flood in late spring. The overstory was comprised of sugarberry (Celtis laevigata),
boxelder (Acer negundo), pecan (Carya illinoinensis), and sycamore (Platanus
occidentalis). The average total height of the overstory canopy is 79 feet. Overstory
composition is exemplary of past single-tree selection high-grading practices which
slowly removed the most valuable stems from the tract while species composition
gradually shifted toward less desirable shade tolerant species. The midstory is dominated
by sugarberry, boxelder, and American elm (Ulmus americana), and the understory is
also primarily comprised of shade tolerant regeneration.
Sampling Design
A nested-plot sampling method was used; therefore three concentric plots at a
sample point shared a common plot center. The total number of plots sampled was based
on the acreage of each tract with a sampling intensity of one set of plots for each two
acres. Sixty-eight plots were used to sample 136 acres on Catfish Point, and 140 plots
were used to sample 280 acres on O’Keefe WMA. Plots were spaced on a systematic 4
chain by 5 chain line plot grid. This inventory was conducted from June 25–July 5, 2012,
and represented a 10% overstory cruise.
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According to DFC specifications, the intended goals for basal area and stand
density were to be attained through the use of uneven-aged silviculture. Therefore, site
treatments were applied with alternation of two variable retention cutting regimes, lightcut and heavy-cut, along with untreated control areas throughout the tract. Areas
harvested using single tree selection were classified as light-cut treatment areas, and areas
harvested by using group selection were called heavy-cut treatment areas. Attempts were
made to equally distribute nested plots throughout all three treatment types. This was
performed by offsetting plots perpendicular to the direction of travel, if necessary, to
ensure that each entire set of plots was centered within the opening of either a light-cut or
heavy-cut treatment. Plot centers were recorded by GPS and physically demarcated
using a 36 inch pin flag.
The overstory was defined as stems within a dominant, co-dominant, or
intermediate crown class, and assessed using 0.2-acre (52.7 ft radius) plots. Species and
diameter at breast height (dbh) in 0.1-inch classes were recorded for each overstory tree
in the plot. In addition, general canopy heights based on representative co-dominant trees
on each site were recorded to the nearest foot. Midstory trees were defined as stems
between ten feet tall and the base of the general canopy and measured in 0.025 acre (18.6
ft radius) plots. Midstory information included species and diameter (dbh) in 0.1 inch
classes for each tree in the plot. Understory species were defined as woody regeneration
less than ten feet tall, and sampled within 0.01 acre (11.7 ft radius) plots (Stanturf and
Meadows 1994). Within the understory plots, all species were identified and assigned
into height classes. The height classes were: less than 1 foot, 1-2 feet, 2-3 feet, 3-6 feet,
and 6-10 feet.
19

In addition, light readings were measured on all plots of each treatment type per
site using a LI-COR model LI-191 Line Quantum light sensor. One light reading in each
set of plots was recorded at the plot center of each treatment type, and an additional
reading was taken halfway between plot center and the northern plot boundary in lightcut and heavy-cut treatment areas. Readings were taken between 11:00 am and 1:00 pm
on clear and sunny days in June and July 2012.
Statistical Analysis
All computations were performed using Microsoft Excel 2007 (Microsoft Office
2007) and SAS 9.2 (SAS Institute Inc. 2008). Overstory and midstory measurements
were used to derive basal area in ft2 [(DBH^2)*0.005454] and trees per acre (TPA). A
per acre conversion factor of 5 was used for overstory plots, whereas the conversion
factor for midstory plots was 40. Regeneration abundance data were averaged by
treatment. The resulting regeneration values were represented as the number of stems per
plot by treatment on each site.
Prior to statistical analysis, data were analyzed for skew using the SAS 9.2
UNIVARIATE procedure to ensure normal distribution (SAS Institute Inc. 2008).
Overstory basal area, overstory trees per acre, center light readings, and halfway position
light readings were found to be normally distributed. Midstory basal area and trees per
acre data were skewed right because a small number of sample plots contained a notably
higher amount of midstory stems than the majority of sample plots. Therefore a natural
log function was used to ensure normal distribution prior to testing for significant
differences. All log values were converted back into measurement units for ease in
presentation and interpretation.
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Overstory and midstory basal area and trees per acre were analyzed by averaging
both by treatment areas and by site. Light availability was averaged and compared by
treatment and by site for both center and halfway position readings. Mean light
availability was also compared between center and halfway position readings among
treatment areas and sites. All comparisons were made with the least squares means
statistic using the GLIMMIX procedure in SAS 9.2 (SAS Institute Inc. 2008).
Application of Results
Results generated from this research will serve as a reference to the initial
outcomes of the first DFC treatments in Mississippi. This information will be useful to
foresters, biologists, private landowners, other individuals who may be considering the
implementation of DFCs within other southern bottomland hardwood forests.
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CHAPTER IV
RESULTS AND DISCUSSION

Results of this study are presented by site and strata. Results within each site
conclude with a presentation of average light availability by treatment type. Finally, this
chapter concludes with a statistical analysis section which compares significant
differences in overstory, midstory, and light availability results.
O’Keefe Wildlife Management Area
Overstory
At O’Keefe WMA, there were 71 plots used to sample heavy treatment areas
(Table 1). As shown in Table 2, average overstory basal area among these plots was
78.45 ft2/ac. with 46.6 trees per acre. As indicated in Table 3, the most common species
in heavy treatment plots included hickory, sweetgum, willow oak, Nuttall oak, and
overcup oak (Quercus lyrata). Other species, each comprising less than 10% of the stand
included: American elm, cherrybark oak, cedar elm (Ulmus crassifolia), green ash,
honeylocust (Gleditsia triacanthos), persimmon (Diospyros virginiana), red maple,
swamp chestnut oak, sugarberry, water oak, and winged elm (Ulmus alata).
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Table 1

Number of sample plots by treatment and location
Heavy
71
17
11

O'Keefe WMA
Catfish Point Air Strip
Catfish Point Main Road

Table 2

Control
66
13
8

Average overstory basal area and trees per acre in treatment areas at
O'Keefe Wildlife Management Area

Treatment

Basal Area
~~ft2~~
91.12
78.45
54.88

Control
Heavy
Light

Table 3

Light
3
12
7

Trees per Acre
51.44
46.62
45.00

Average overstory species percent composition in treatment areas at
O'Keefe Wildlife Management Area

Species

Control

American elm
Cedar elm
Cherrybark oak
Green ash
Hickory
Honeylocust
Nuttall oak
Overcup oak
Pecan
Persimmon
Red maple
Sugarberry
Swamp chestnut oak
Sweetgum
Sycamore
Water oak
Willow oak
Winged elm

2.4
1.9
5.9
6.5
17.6
0.4
6.8
7.7
0.9
1.8
2.7
1.0
2.8
28.4
0.1
1.8
10.2
1.2

Heavy
~~~~~~~~Percent~~~~~~~~
3.0
2.6
3.6
8.8
18.7
0.5
10.9
10.9
0.0
1.1
1.4
1.4
3.0
17.2
0.0
0.3
16.0
0.8

Light
7.4
0.0
0.0
0.0
7.4
0.0
11.1
18.5
0.0
7.4
11.1
0.0
0.0
25.9
0.0
0.0
11.1
0.0

Average overstory basal area among three light treatment plots was 54.88 ft2/ac.
with 45.0 trees per acre across these three plots. The most common species in light
treatment areas included sweetgum, overcup oak, Nuttall oak, red maple, and willow oak.
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There were also minor amounts of American elm, hickory, and persimmon scattered
throughout the light treatment areas.
Average overstory basal area among 66 control plots was 91.12 ft2/ac. with 51.44
trees per acre. Species composition within these plots is shown in Table 3. The most
prevalent species were sweetgum, hickory, willow oak, overcup oak, and Nuttall oak.
There were several other species which occurred irregularly throughout the control areas.
These species included American elm, cherrybark oak, cedar elm, green ash, honeylocust,
pecan (Carya illinoinensis), persimmon, red maple, swamp chestnut oak, sugarberry,
sycamore, water oak, and winged elm.
Though a decrease was observed in basal area and trees per acre in treatment
areas when compared with control areas, a heavier reduction would likely have promoted
the development of more oak regeneration. Peairs et al. (2004) determined that oak
regeneration is optimized using a residual basal area of 50 ft2 per acre. When basal area
is reduced lower than 50 ft2 per acre, the drastic increase in available light promotes the
development of other more competitive species. In this instance at O’Keefe WMA, a
residual basal area greater than 50 ft2 per acre is not desirable because it does not allow
sustained availability of light to the forest floor as the canopy closes. Skojac et al. (2005)
observed the increased growth response of overstory trees which lead to canopy closure
after thinning treatments in a Louisiana bottomland hardwood forest. Though their study
looked specifically at the response of superior poletimber trees, an overall increase in
diameter growth and epicormic branching following harvest would be expected in all
bottomland hardwood forests (Meadows 1993).
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Control areas at O’Keefe WMA had the highest basal area when compared with
the heavy and light treatment areas. In contrast, the light treatment plots had the lowest
basal area which was unexpected, but it should be noted that only three plots out of 140
were sampled in light treatment areas. The low number of sample plots in light treatment
areas indicates that there were few instances at O’Keefe WMA where light treatments
were actually applied. This low amount of light treatment areas is contrary to harvesting
guidelines under DFC management. Also, the higher basal area and large number of
residual trees per acre in heavy treatment areas are not indicative of group selection
harvesting. Based on these data, timber marking and harvesting on O’Keefe WMA were
not conducted according to DFC guidelines. Residual forest overstory characteristics,
such as similar densities of trees per acre in light and heavy treatment areas, clearly
support this fact.
The DFC marking crew at O’Keefe WMA was composed of foresters and
biologists with the Mississippi Department of Wildlife, Fisheries, and Parks. The new
and relatively unique parameters of DFC management have very different objectives
designed primarily to meet specific goals for creating wildlife habitat, and O’Keefe
WMA was the first application of DFC harvest guidelines on a Mississippi wildlife
management area. Though DFC parameters were the intentional goal for marking timber,
residual forest stand conditions resembled the product of a light shelterwood harvest.
Although this stand does not strictly adhere to DFC guidelines, the harvest at O’Keefe
WMA served as a preliminary trial for MDWFP personnel to become familiar with DFC
marking techniques and results of a DFC harvest in a Mississippi bottomland hardwood
forest. Personnel from MDWFP reported that they approved of the appearance of the
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area after the harvest and they understand these conditions do not represent the desired
conditions as set forth by the LMVJV group.
Tree species composition also differed slightly among treatment areas. There was
a greater percentage of Nuttall oak, overcup oak, and willow oak in the heavy and light
treatment areas as compared to the control areas. It is likely that removal of less
desirable species in the treatment areas was used to favor the growth and regeneration of
oaks for wildlife and/or commercial timber. Oaks were well-represented across all
treatment and control areas, but were greatest in heavy treatment areas (44.7%). Light
treatment areas had a 40.7% component of oak species, and control areas were comprised
of 36.2% oaks. There was also less sweetgum in heavy treatment areas compared with
the control and light treatment areas. Sweetgum was likely one species selected against
in order to perpetuate the oak component. However, this species is a prolific sprouter and
cutting the stem is not expected to decrease the species presence in future stands.
The light treatment areas had a notably higher percentage of persimmon and red
maple than the other two areas. However, it is important to remember that the sample
size of light treatment plots was relatively low compared to the large sample size of
control and heavy treatment areas. Therefore the high percentages of species in light
treatment areas are not necessarily comparable with the same species in the control or
heavy treatment areas since they are based on the species abundances within three sample
plots.
Midstory
Average midstory basal area in 71 heavy treatment plots was 9.19 ft2/ac (Table 4)
with 130.14 trees per acre (Table 4). Species composition within these plots is shown in
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Table 5. Predominant species included hickory, winged elm, and American elm. Other
less common species included American hornbeam, blackgum (Nyssa sylvatica), cedar
elm, deciduous holly (Ilex decidua), flowering dogwood (Cornus florida), green ash,
hawthorne (Crataegus spp.), persimmon, red mulberry (Morus rubra), red maple, swamp
chestnut oak, sugarberry, sweetgum, and willow oak. The strong presence of oaks in the
overstory and relative lack in the midstory is not unexpected as shade tolerant species are
better adapted to lower light conditions. Without proper management, oaks will be
reduced and eventually lost from these stands.
Table 4
Treatment
Control
Heavy
Light

Average midstory basal area and trees per acre in treatment areas at O'Keefe
Wildlife Management Area
Basal Area
~~ft2~~
33.38
9.19
16.98

Trees per Acre
620.61
130.14
200.00

Mean basal area in three light treatment midstory plots was 16.98 ft2 per acre with
an average of 200 trees per acre (Table 4). Species composition in the light treatment
areas included a predominance of hickory, persimmon, red maple, and green ash. Small
quantities of cedar elm, hawthorne, swamp chestnut oak, and winged elm were also
present.
Average midstory basal area in 66 control plots was 33.38 ft2 per acre with an
average of 620.61 trees per acre. As shown in Table 5, midstory of the control plots was
dominated by hickory, green ash, American elm, red maple, and winged elm. There were
also limited numbers of American hornbeam, cedar elm, deciduous holly, flowering
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dogwood, hawthorne, red mulberry, Nuttall oak, overcup oak, persimmon, swamp
chestnut oak, sugarberry, sweetgum, water oak, and willow oak.
Table 5

Average midstory species percent composition in treatment areas at O'Keefe
Wildlife Management Area

Species
American elm
American hornbeam
Blackgum
Cedar elm
Deciduous holly
Flowering dogwood
Green ash
Hawthorne
Hickory
Nuttall oak
Overcup oak
Persimmon
Red maple
Red mulberry
Sugarberry
Swamp chestnut oak
Sweetgum
Water Oak
Willow oak
Winged elm

Control
Heavy
Light
~~~~~~~~Percent~~~~~~~~
12.3
10.9
0.0
3.5
0.8
0.0
0.0
0.4
0.0
2.3
0.4
6.7
2.4
5.9
0.0
0.9
0.4
0.0
13.1
9.7
13.3
1.0
0.4
6.7
37.1
36.1
26.7
0.4
0.0
0.0
0.5
0.0
0.0
0.2
0.4
20.0
11.4
9.7
13.3
0.3
2.9
0.0
3.4
3.4
0.0
0.4
1.3
6.7
0.5
2.1
0.0
0.2
0.0
0.0
0.2
0.8
0.0
10.0
14.3
6.7

Numerous midstory stems in the control plots are very characteristic of
bottomland hardwood forests in the Mississippi Alluvial Valley. In fact, this dense
midstory is so common that it is recognized as a primary obstacle to overcome when
trying to establish oak and other commercially desirable species regeneration for forest
management. Guttery et al. (2006) and Peairs et al. (2003) both concluded that midstory
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control was necessary to ensure light availability to the forest floor for oak regeneration
following partial harvest in bottomland hardwood forests similar to O’Keefe WMA. In
comparison, the light treatment areas only had approximately half the basal area and less
than 33% of the trees per acre in the control areas. Heavy treatment areas had even less
than the light treatment areas. The lower levels of midstory density are likely due to
harvesting intensities within each treatment. Substantially more overstory trees were
harvested in the heavy treatment areas, resulting in a greater disturbance to the underlying
midstory and understory vegetation. The disturbance resulting from the harvest of one
tree in the light treatment areas did not remove as many midstory stems as in the heavy
treatment areas.
Although the midstory density is currently lower in the heavy and light treatment
plots when compared to the control areas, the midstory is expected to begin growing
significantly. This study was only based on first-year measurements, but the midstory
density will increase with time following the harvest. At least three different variations
of establishment will likely comprise this growth increase.
Following harvest disturbance, the seeds of wind disseminated shade intolerant
species will likely recolonize and begin to thrive in these openings. Also, the stems of
species which were cut or damaged during harvest will sprout profusely in response to
the increase in available light to the forest floor. The third component of this rapidlygrowing midstory will be the shade tolerant species which were well-established and
were not damaged during harvest. These shade tolerant species were the green ash,
hickory, red maple, and winged elm which were relatively dominant in all treatment
areas. As these species begin to grow and utilize the recent increase in available light,
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slower growing oaks which had a relatively minor abundance across all treatment areas
will have little chance for survival. Since the oak seedlings could not become established
in the shaded understory prior to harvest, they certainly will not survive amid the shade
and intense competition from faster growing species of the same cohort. As a result, oaks
will slowly dwindle away out of the midstory and comprise a lower percentage of the
future overstory without midstory control.
Regeneration
Regeneration species abundance and percent occurrence by plot in the heavy
treatment areas is shown in Table 6. Winged elm, hickory, green ash, red maple,
sweetgum, willow oak, Nuttall oak, deciduous holly, persimmon, and sugarberry were the
most frequently occurring species in the heavy treatment plots.
Winged elm was found in over 70% of plots, but the vast majority of winged elm
regeneration was less than one foot tall. Hickory was present in approximately 67% of
plots, yet its regeneration was more equally distributed among the four height classes less
than six feet. Green ash followed this size distribution closely as well, yet it was less
abundant in all classes, and was found in 53.52% of plots. Red maple occurred in
39.44% of plots, and had the highest average abundance of regeneration in the less than
one foot height class. There was an average of 2.28 stems of red maple regeneration
shorter than one foot tall per plot, yet there were only 0.1 stems per plot in the taller
height classes.
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Table 6

Average regeneration species abundance by height class and percent
occurrence in heavy treatment areas at O'Keefe Wildlife Management Area
Species

American elm
American hornbeam
Cedar elm
Cherrybark oak
Chinese privet
Eastern Cottonwood
Deciduous holly
Flowering dogwood
Green ash
Hawthorne
Hickory
Honeylocust
Nuttall oak
Overcup oak
Persimmon
Red maple
Sugarberry
Swamp chestnut oak
Sweetgum
Willow oak
Winged elm

Height Class - Feet
< 1 1-2 2-3 3-6 6-10
~~~~~~Stems per Plot~~~~~~
0.08 0.07 0.00 0.01 0.01
0.00 0.01 0.00 0.00 0.00
0.11 0.01 0.01 0.04 0.00
0.13 0.00 0.00 0.00 0.00
0.04 0.01 0.00 0.00 0.00
0.06 0.00 0.00 0.00 0.00
0.10 0.15 0.06 0.04 0.01
0.01 0.00 0.00 0.00 0.00
0.31 0.24 0.31 0.35 0.07
0.01 0.00 0.00 0.03 0.00
0.76 0.56 0.34 0.76 0.10
0.03 0.01 0.00 0.00 0.00
0.54 0.01 0.00 0.01 0.00
0.01 0.00 0.00 0.00 0.00
0.77 0.08 0.10 0.07 0.01
2.28 0.10 0.01 0.10 0.03
0.25 0.08 0.04 0.01 0.01
0.01 0.00 0.03 0.01 0.00
0.61 0.31 0.20 0.25 0.00
0.52 0.01 0.00 0.00 0.00
1.85 0.48 0.37 0.13 0.04

Occurrence
~Percent~
11.27
1.41
9.86
7.04
1.41
2.82
23.94
1.41
53.52
2.82
67.61
2.82
28.17
1.41
22.54
39.44
21.13
4.23
32.39
29.58
71.83

Sweetgum was found on 32.39% of heavy treatment regeneration plots and
ranged between 0.61 and 0.20 stems per plot in all height classes except for six to ten
feet. There were 0.52 stems of willow oak less than one foot tall across all the plots and
only 0.01 stems per plot in the one to two foot height class. Willow oak was found on
29.58% of plots. Nuttall oak abundance was very similar to willow oak, with 0.54 stems
on each plot less than one foot tall, and the addition of 0.01 stems in the three to six foot
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height class. Though Nuttall oak abundance was slightly higher than willow oak, it was
found on slightly fewer plots. Nuttall oak was present on 28.17% of plots. Although
deciduous holly was found on 23.94% of plots, it was not highly abundant in any
particular height class. It was most abundant in the less than one and one to two foot
height classes, with 0.1 and 0.15 stems per plot in each class.
Persimmon was most abundant in the smallest height class with an average of
0.77 stems per plot and was found on approximately 22% of plots. Sugarberry averaged
0.25 stems per plot in the height class of less than one foot tall and occurred in 21% of
the plots. American hornbeam, American elm, cherrybark oak, cedar elm, eastern
cottonwood, flowering dogwood, hawthorne, honeylocust, overcup oak, Chinese privet
(Ligustrum sinense), and swamp chestnut oak regeneration were also found within the
heavy treatment regeneration plots at O’Keefe WMA. However, these species were
much less abundant than the aforementioned species.
The high amount of hickory, green ash, red maple, and sweetgum regeneration
would likely continue to grow and comprise the next stand if current light conditions
persist. However, the very low abundance of oak species would likely be eliminated
even if light availability remained constant. The low oak abundance found in heavy
treatment areas indicates a lack of advanced regeneration prior to harvest, and the few
stems of oak regeneration present are primarily less than one foot in height. As a result,
the abundance of oak regeneration will likely decrease due to a loss of available light
from canopy closure and competition from other faster growing shade intolerant species
and better established shade tolerant species. If this stand continues to grow without
some form of major disturbance to increase light availability on the forest floor, future
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overstory oak component in heavy treatment areas will be very low. It would mainly be
comprised of fast-growing species such as sweetgum, and more shade tolerant species
such as the elms, hickories, red maple, and green ash.
Species abundance in the three light treatment regeneration plots is presented in
Table 7. Since only three plots were sampled, species occurrence is relatively high in all
plots, ranging from 33.33 – 66.67%. Red maple was most abundant and averaged 2.0
stems per plot in the less than one foot height class. Nuttall oak also had a relatively
greater presence of regeneration in the smallest height class, with 1.33 stems per plot less
than one foot tall. The abundance of American elm and winged elm ranged from 0.33 –
0.67 in the three height classes less than three feet. Hickory was found in one light
treatment plot in all three height classes under three feet. Persimmon was also found on
one plot ranging from less than one foot to the three to six foot height class. Less
abundant species of regeneration included cedar elm, deciduous holly, swamp chestnut
oak, sugarberry, and willow oak, each occurring in one height class on one sample plot.
In similarity to heavy treatment areas, the lack of advanced oak regeneration in light
treatment areas at present will lead to a lower component of oak species in the future
overstory.
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Table 7

Average regeneration species abundance by height class and percent
occurrence in light treatment areas at O'Keefe Wildlife Management Area
Species
American elm
Cedar elm
Deciduous holly
Hickory
Nuttall oak
Persimmon
Red maple
Sugarberry
Swamp chestnut oak
Willow oak
Winged elm

Height Class - Feet
< 1 1-2 2-3 3-6 6-10
~~~~~~Stems per Plot~~~~~~
0.33 0.00 0.33 0.00 0.00
0.00 0.33 0.00 0.00 0.00
0.00 0.00 0.00 0.33 0.00
0.33 0.33 1.00 0.00 0.00
1.33 0.00 0.00 0.00 0.00
0.67 0.00 0.33 0.33 0.00
2.00 0.00 0.00 0.00 0.00
0.00 0.33 0.00 0.00 0.00
0.00 0.00 0.00 0.33 0.00
0.67 0.00 0.00 0.00 0.00
0.33 0.33 0.67 0.00 0.00

Occurrence
~Percent~
66.67
33.33
33.33
33.33
66.67
33.33
66.67
33.33
33.33
33.33
66.67

Species abundance in control regeneration plots is presented in Table 8. The
percent occurrence of each species is shown as well. Hickory was the most prevalent
species. Other species that occurred often were green ash, cedar elm, winged elm,
American elm, deciduous holly, willow oak, sugarberry, and red maple.
Hickory was represented on 59.09% of control plots and in all five height classes.
It was most abundant in height under one foot tall and averaged 0.77 stems per plot in
that category. Green ash occurred on 40.91% of plots and within all five height classes.
It ranged from 0.17 to 0.32 stems per plot in the height classes under six feet tall, but only
0.05 stems per plot in the six to ten foot class. Cedar elm and winged elm were both
found in 31.82% of plots and exhibited similar abundance patterns within the five height
classes.
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American elm, deciduous holly, and willow oak were seen on 25.76% of sample
plots. Of these three, willow oak had the highest abundance with 0.48 stems per plot less
than one foot tall. However, these short seedlings are not likely to compete and survive
along with other faster growing or more shade tolerant regeneration such as the hickories
and green ash. Sugarberry and red maple were present on approximately 24% and 22%
of plots, respectively. Though sugarberry was relatively low in abundance, there was an
average of 0.94 stems of red maple per plot in the height class under one foot. Other less
frequently occurring species in control regeneration plots were American hornbeam,
cherrybark oak, flowering dogwood, hawthorne, Nuttall oak, overcup oak, persimmon,
Chinese privet, swamp chestnut oak and sweetgum.
Table 8

Average regeneration species abundance by height class and percent
occurrence in control areas at O'Keefe Wildlife Management Area
Species

<1

American elm
American hornbeam
Cedar elm
Cherrybark oak
Chinese privet
Deciduous holly
Flowering dogwood
Green ash
Hawthorne
Hickory
Nuttall oak
Overcup oak
Persimmon
Red maple
Sugarberry
Swamp chestnut oak
Sweetgum
Willow oak
Winged elm

0.08
0.00
0.21
0.06
0.05
0.21
0.05
0.27
0.02
0.77
0.14
0.02
0.08
0.94
0.12
0.14
0.08
0.48
0.21

Height Class – Feet
1-2
2-3
3-6
~~~~~~Stems per Plot~~~~~~
0.09
0.03
0.03
0.00
0.02
0.02
0.10
0.08
0.31
0.00
0.00
0.00
0.00
0.00
0.00
0.05
0.03
0.06
0.00
0.00
0.00
0.32
0.17
0.20
0.00
0.00
0.05
0.17
0.08
0.21
0.02
0.00
0.02
0.00
0.00
0.00
0.02
0.02
0.00
0.05
0.11
0.15
0.06
0.03
0.03
0.02
0.00
0.00
0.03
0.02
0.00
0.00
0.00
0.00
0.15
0.08
0.23
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6-10
0.35
0.02
0.05
0.00
0.00
0.03
0.00
0.05
0.05
0.27
0.02
0.00
0.00
0.00
0.05
0.00
0.00
0.00
0.30

Occurrence
~Percent~
25.76
3.03
31.82
6.06
3.03
25.76
3.03
40.91
10.61
59.09
15.15
1.52
6.06
22.73
24.24
9.09
4.55
25.76
31.82

Species composition of the regeneration strata at O’Keefe Wildlife Management
Area is shown below in Table 9. Shade tolerant hickory, red maple, and winged elm
were the majority of regeneration species across all treatment areas at O’Keefe WMA. In
the heavy and light treatment areas, there was a slightly higher level of persimmon
regeneration when compared with the control areas. This variation is likely a result of
persimmon’s shade intolerance of low light levels found in the control. However, the
heavy treatment and control areas exhibited a higher percentage of green ash as compared
to the light treatment areas. Green ash is considered mildly shade tolerant, but likely was
not found in the light treatment areas due to the low number of sample plots.
Table 9

Species percent composition in the regeneration layer by treatment at
O'Keefe Wildlife Management Area

Species
American elm
American hornbeam
Cedar elm
Cherrybark oak
Chinese privet
Deciduous holly
Eastern cottonwood
Flowering dogwood
Green ash
Hawthorne
Hickory
Honeylocust
Nuttall oak
Overcup oak
Persimmon
Red maple
Sugarberry
Swamp chestnut oak
Sweetgum
Willow oak
Winged elm

Heavy
1.3
0.1
1.3
0.9
0.4
2.6
0.4
0.1
9.0
0.3
17.7
0.3
4.0
0.1
7.3
17.7
2.9
0.4
9.6
3.8
20.1
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Light
Control
~~~~~~~~Percent~~~~~~~~
6.5
7.2
0.0
0.6
3.2
9.0
0.0
0.8
0.0
0.6
3.2
4.7
0.0
0.0
0.0
0.6
0.0
12.4
0.0
1.3
16.1
18.6
0.0
0.0
12.9
2.3
0.0
0.2
12.9
1.3
19.4
15.4
3.2
3.6
3.2
1.9
0.0
1.5
6.5
6.0
12.9
12.1

Sweetgum was notably more abundant in the heavy treatment areas (9.6%)
compared to the light treatment (0%) and control areas (1.5%). This is likely due to a
greater abundance of stump sprout regeneration following the harvest. In a separate
study, Wenger (1953) determined that sweetgum stumps sprout vigorously, even when
harvesting activities occurred during the growing season. This fact, coupled with an
increase in available light to the forest floor, explains the increase of sweetgum in heavy
treatment areas. In contrast, American elm and cedar elm composed a higher percentage
of the regeneration in control areas as compared with the heavy or light treatment areas.
Perhaps these species were disturbed in treatment areas during harvesting activities, and
had not re-sprouted yet due to their slow growth attributes. Nuttall oak appeared to be a
notable component of the light treatment (12.5%) when compared to its composition in
the control (2.3%) and heavy treatment areas (4.0%). However, the low number of
regeneration sample plots in light treatment areas again makes these regeneration data
less reliable as compared to the heavy treatment and control data. Upon review of the
raw data, Nuttall was tallied a total of four times in the less than one foot height class on
two plots in light treatment areas. Other miscellaneous species comprising approximately
6% or less of the regeneration among all treatment areas were American hornbeam,
Chinese privet, cherrybark oak, eastern cottonwood, deciduous holly, flowering
dogwood, hawthorne, honeylocust, overcup oak, sugarberry, swamp chestnut oak, and
willow oak.
It is crucial to review the oak component of regeneration across all treatment
areas. Unfortunately, oak species comprised less than 12% of the regeneration across all
control and treatment areas at O’Keefe WMA. In addition, the oak regeneration that is
37

currently present is primarily less than an average of one foot tall across all treatment and
control areas (Tables 6, 7, and 8). These data show that virtually no advanced
regeneration exists at O’Keefe WMA, and the limited oak regeneration that is present
likely grows beneath the canopy shade of their overstory seed sources. Battaglia et al.
(1999) found that swamp chestnut oak regeneration in particular is severely inhibited by
low light conditions. Although oak regeneration is intolerant of low light levels, other
species thrive in the shaded understory beneath a closed overstory canopy. Examples of
these shade tolerant species include elms, hickories, green ash, and American hornbeam.
Shade tolerance is why these species were so abundant after harvest in treatment and
control areas. They were growing well in the shaded understory, and were prepared to
respond well to the increased light availability following harvest. In contrast, oak
regeneration was not able to become established prior to harvest, and consequently could
not become established and compete with other species due to slow growth
characteristics even under adequate light levels.
This stand will need further disturbance in order to perpetuate the oak component
into future stands. In order to favor oak composition, the midstory must be controlled in
order for light to reach the forest floor once overstory harvest occurs. As previously
stated, midstory control is best achieved by using herbicide injection. Following
midstory control, it would be imperative to conduct a shelterwood harvest to promote
growth of oak regeneration by removing more of the less desirable species in the
overstory canopy to put more light on the forest floor. By controlling the midstory and
removing the shade and seed sources of less desirable species, oak regeneration would
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have adequate light to develop and become advanced regeneration prior to complete
overstory removal.
Light Availability
As noted in Table 10, control areas exhibited the lowest level of available light
(5.0%) at O’Keefe WMA. Heavy treatment areas had the highest levels of available
light, with an average of 34.1% in the center and 25.5% in the halfway position. Light
treatment areas had 28.7% available light in the center of the plot, yet only 5.6% in the
halfway reading position. Statistical differences in mean light availability averaged by
sites and treatment areas are discussed later in the statistical comparison section.
In a study comparing the biomass accumulation of cherrybark oak under different
light levels, Gardiner and Hodges (1998) determined that cherrybark oak did not truly
respond to any increase in light availability until two years post treatment. After two
growing seasons, they found that cherrybark oak had the highest growth rates under
intermediate light levels (27-53%). On O’Keefe WMA, regeneration was assessed one
growing season post harvest. In control areas, the low amount of available light after one
year of harvest is not conducive to the growth and development of oak regeneration.
However, the light treatment areas exhibit similar levels of light availability in the center
of the openings, and heavy treatment areas had suitable light levels in both the center and
halfway position of the openings. Although there is notable available light in these
openings one year after treatment, the relatively small size of the current canopy openings
will likely decrease as the remaining overstory canopy begins to close. Even if moderate
levels of light were able to penetrate through the canopy for five years post harvest, the
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lack of advanced oak regeneration and midstory control prior to harvest would prohibit
oak species from continuing to develop in the understory.
Table 10

Average percent available light by treatment at O'Keefe Wildlife
Management Area

Mean Available Light
Treatment
Center
Halfway
~~~~~Percent~~~~~
Control
5.0
n/a1
O'Keefe WMA
Heavy
34.1
25.5
Light
28.7
5.6
1
Halfway readings were not recorded in control areas.
Site

Catfish Point - Air Strip Stand
Overstory
Average overstory basal area in 17 heavy treatment plots within the Catfish Point
Air Strip stand was 65.92 ft2 per acre, with 25.59 trees per acre (Table 11). Residual
species composition (Table 12) following the heavy treatment was comprised of
sugarberry, sycamore, American elm, boxelder, hickory, pecan, and sweetgum with
sugarberry being the predominant species.
Table 11
Treatment
Control
Heavy
Light

Average overstory basal area and trees per acre in treatment areas at the
Catfish Point Air Strip stand
Basal Area
~~ft2~~
93.85
65.92
105.04

Trees per Acre
48.46
25.59
44.17
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Average overstory basal area among 12 light treatment plots was 105.04 ft2/ac,
with an average of 44.17 trees per acre. This treatment had a residual overstory made up
of 57.5% sugarberry. There was also American elm, boxelder, green ash, hickory, pecan,
sweetgum, and sycamore throughout the stand.
Based on 13 control plots, mean basal area was 93.85 ft2 per acre with 48.46 trees
per acre. Overstory of the control area was 67.5% sugarberry. Miscellaneous other
species comprising minor portions of the stand were American elm, boxelder, cedar elm,
hickory, pecan, sweetgum, and sycamore.
Table 12

Average overstory species percent composition in treatment areas at the
Catfish Point Air Strip stand

Species

American elm
Boxelder
Cedar elm
Green ash
Hickory
Pecan
Sugarberry
Sweetgum
Sycamore

Treatment
Control
Heavy
Light
~~~~~~~~~~~~~~Percent~~~~~~~~~~~
11.1
11.5
8.5
4.8
2.3
3.8
0.8
0.0
0.0
0.0
0.0
1.9
0.8
1.1
0.9
3.2
8.0
5.7
67.5
52.9
57.5
4.8
9.2
15.1
7.1
14.9
6.6

Light treatment areas at the Catfish Point Air Strip stand exhibited a higher
residual basal area than the control area. Since the light treatment areas were harvested
according to the silvicultural single tree selection method, these areas should have had a
slightly lower basal area than the unharvested control areas. Perhaps flooding
disturbance from the adjacent Mississippi River resulted in differential tree mortality
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within this stand, or it is possible that past silvicultural management practices have
created the differences. A third possibility is that the foresters marking the stand for DFC
implementation favored denser areas to use for light cuts.
Though this stand is now privately owned by Catfish Point Land and Timber
Company, LLC, it was formerly owned and managed by Chicago Mill and Lumber
Company. Regardless of ownership goals, this particular stand was previously “high
graded” by selection cutting for decades. This method of harvesting repeatedly removed
the most commercially desirable species from the stand and failed to create conditions
favorable for the regeneration of oaks. Thus, some portions of the stand naturally became
devoid of desirable species. According to Walker and Watterson (1972), less desirable
species such as sugarberry and boxelder retained during high-grading timber harvests will
continue to grow and regenerate to the detriment of other desirable species. The 65.92
ft2/ac basal area and 25.59 trees/ac in the heavy treatment areas were lower than the basal
area and trees per acre in both light treatment and control areas. This lower basal area
and trees per acre would be expected as a result of group selection throughout the stand.
Based on the species composition in Table 12, sugarberry was the primary
component of both treatment areas and the control. Sugarberry does naturally occur in
these topographic levels of the Mississippi River floodplain, but not to the extent of
abundance found in this stand. As stated previously, this stand was subjected to repeated
single tree selection harvests in the past. As a result, the species composition has been
shifted by the repeated removal of desirable stems of shade intolerant species to the
current situation with primary occupancy of shade tolerant species. These less desirable
species include American elm, boxelder, cedar elm, and sugarberry.
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Control areas had the highest level of sugarberry, which indicates that sugarberry
was selected against when the stand was marked for DFC installment. This hypothesis is
logical because DFC parameters attempt to promote species diversity throughout the
stand. In this case, the removal of sugarberry would also be helpful to promote the
growth and regeneration of other more desirable trees both for wildlife and commercial
timber interests. In fact, there were higher percentages of pecan, sweetgum, and
sycamore in the heavy and light treatment areas compared to the control. Though these
species would not be considered the most beneficial trees to wildlife or most valuable
trees for commercial timber production, they are an improvement over American elm,
boxelder, and sugarberry.
Midstory
Average midstory basal area in 17 heavy treatment plots was 10.94 ft2 per acre
with a mean of 32.94 trees per acre (Table 13). Flowering dogwood was the largest
component of the midstory in heavy treatment areas and comprised 41.7% of this layer.
Boxelder comprised 29.2% of the layer and sweetgum made up 12.5%. Other less
abundant heavy treatment area midstory species included American elm, pecan, and
sugarberry (Table 14).
Table 13
Treatment
Control
Heavy
Light

Average midstory basal area and trees per acre in treatment areas at the
Catfish Point Air Strip stand
Basal Area
~~ft2~~
21.19
10.94
13.86

Trees per Acre
129.23
32.94
103.33
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Average midstory basal area in 12 light treatment plots was 13.86 ft2 per acre with
103.33 trees per acre. Species composition of the light treatment midstory plots varied
from the heavy treatment. In these areas, sugarberry made up exactly 50% of the
midstory species. Flowering dogwood was the second most common species with
20.6%. Other species present in these treatment areas were American elm, boxelder, and
sycamore.
Based on the 13 midstory plots in control areas, mean basal area was 21.19 ft2 per
acre with 129.23 trees per acre. The most common midstory species was sugarberry,
which made up 70.5% of the layer. American elm, boxelder, flowering dogwood, and
pecan were other species that comprised the remainder of the control area midstory.
Table 14

Average midstory species percent composition in treatment areas at the
Catfish Point Air Strip stand

Species

American elm
Boxelder
Flowering dogwood
Pecan
Sugarberry
Sweetgum
Sycamore

Treatment
Control
Heavy
Light
~~~~~~~~~~~~Percent~~~~~~~~~~~
9.1
4.2
5.9
13.6
29.2
17.6
4.5
41.7
20.6
2.3
4.2
0.0
70.5
8.3
50.0
0.0
12.5
0.0
0.0
0.0
5.9

The midstory of the control and light treatment areas was composed heavily of
sugarberry. This is logical since the overstory in these areas is primarily sugarberry, and
it is a shade tolerant species (Putnam 1951). The lack of sugarberry in the midstory of
heavy treatment areas is likely the result of logging disturbance. By comparison,
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damages from logging activity likely explain the slight reduction in midstory composition
of other shade tolerant species such as American elm. However, boxelder and flowering
dogwood are shade tolerant species which were more abundant in the heavy and light
treatment areas compared to the control areas. Since there were approximately 33
midstory trees per acre in the heavy treatment areas compared with over 100 trees per
acre in the light treatment and control areas, these species were probably equally
abundant as in the control areas. The only difference would be the greater number of
sugarberry in the control and light treatment areas, which would decrease the percentage
composition of other less abundant species such as boxelder and flowering dogwood.
Sweetgum and sycamore also had slightly higher abundance in the heavy and
light treatment areas. Though these trees were present prior to harvest, they were not
abundant. These few trees were likely growing below openings in the forest canopy
which experienced higher levels of available light than the majority of the forest floor
prior to harvest. These shade intolerant species, along with the negligible amount of oak
regeneration in this stand, will undoubtedly suffer from the lack of midstory control prior
to harvest. As mentioned earlier, the conclusions of Guttery et al. (2006) and Peairs et al.
(2003) clearly indicate the benefits of midstory control in bottomland hardwood forests.
However, the lack of midstory control is not entirely responsible for the future species
composition of this stand. As previously mentioned, past selection harvests led to the
prevalence of shade tolerant species across this stand. As a result, these shade tolerant
species will continue to perpetuate shade tolerant regeneration into the midstory and
overstory unless an increase in light is made available through heavier harvesting or some
form of canopy disturbance.
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Based on the midstory species composition presented in Table 14, the future
overstory stand will likely be heavily comprised of sugarberry, followed by boxelder,
American elm, and pecan. This continual presence of less desirable species is a prime
example of the long-term effects of single tree selection. After a single tree selection
harvest, the only species capable of surviving in the small openings are shade tolerant
species. Since the same commercially undesirable species retained during single tree
selection are also very shade tolerant, forests managed with this method often lose the
commercially desirable species because their shade intolerant regeneration simply will
not persist in low light levels. For this reason, the single tree selection method is not
recommended when managing for commercially desirable shade intolerant species such
as bottomland oaks (Meadows and Stanturf 1997).
Regeneration
Abundance of regeneration in the heavy treatment areas is presented in Table 15.
Sugarberry had the highest abundance with 3.06 stems per plot in the smallest height
class. In comparison, green ash had the greatest abundance in the one to two and two to
three feet class with 3.94 and 4.35 stems per plot, respectively. However, green ash was
among the least frequently occurring species across all plots. This indicates that green
ash regeneration was likely very abundant in the few plots where it grew. Sugarberry
was by far the most prevalent species in approximately 82% of the plots, followed by
boxelder (76.47%) and American elm (64.71%). Other species in low abundance and
comprising less than 12% each of the regeneration strata were deciduous holly, flowering
dogwood, hickory, honeylocust, sycamore, sweetgum, and water oak. Although 0.06
stems per plot of water oak were presented in Table 15, the raw data indicates that this
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number is representative of one water oak seedling in one height class found on one plot
out of 17 sample plots in heavy treatment areas.
Table 15

Average regeneration species abundance by height class and percent
occurrence in heavy treatment areas at the Catfish Point Air Strip Stand
Species

American elm
Boxelder
Deciduous holly
Flowering dogwood
Green ash
Hickory
Honeylocust
Sugarberry
Sweetgum
Sycamore
Water Oak

Height Class - Feet
< 1 1-2 2-3 3-6 6-10
~~~~~~Stems per Plot~~~~~~
1.76 2.94 2.65 0.65 0.00
0.71 1.41 1.47 0.94 0.24
0.00 0.00 0.06 0.00 0.00
0.12 0.00 0.00 0.00 0.06
0.53 3.94 4.35 0.06 0.00
0.00 0.06 0.00 0.06 0.00
0.06 0.00 0.06 0.00 0.12
3.06 3.12 1.06 0.94 0.06
0.00 0.00 0.06 0.35 0.18
0.00 0.00 0.06 0.88 0.00
0.00 0.06 0.00 0.00 0.00

Occurrence
~Percent~
64.71
76.47
5.88
11.76
5.88
11.76
11.76
82.35
5.88
11.76
5.88

As shown in Table 16, the most abundant regeneration species in the light
treatment areas was sugarberry. There was an average of more than six stems of
sugarberry per plot in the smallest height class, with 0.92 stems in the one to two foot
category, and even fewer stems in the three remaining categories. Sugarberry
regeneration was present on 100% of light treatment plots sampled. Boxelder was also
present on 58% of plots at an average rate of 2.00 stems per plot under one foot, and
fewer stems in all other height classes. American elm grew on exactly 50% of the plots
and its greatest abundance was 1.42 stems per plot in the smallest height class. There
were minor amounts of cedar elm, flowering dogwood, hickory, and sycamore present in
the regeneration strata as well.
47

Table 16

Average regeneration species abundance by height class and percent
occurrence in light treatment areas at the Catfish Point Air Strip Stand
Species

American elm
Boxelder
Cedar elm
Flowering dogwood
Hickory
Sugarberry
Sycamore

Height Class - Feet
< 1 1-2 2-3 3-6 6-10
~~~~~~Stems per Plot~~~~~~
1.42 0.50 0.25 0.00 0.00
2.00 0.50 0.83 0.25 0.08
0.00 0.08 0.00 0.00 0.00
0.67 0.17 0.08 0.00 0.00
0.08 0.00 0.00 0.00 0.00
6.42 0.92 0.17 0.42 0.17
0.00 0.00 0.00 0.08 0.00

Occurrence
~Percent~
50.00
58.33
8.33
16.67
8.33
100.00
8.33

Boxelder was the most abundant species in the control areas (Table 17). It
occurred on 53.85% of the plots at a rate of 2.46 stems per plot in the smallest height
class. American elm and sugarberry were found in 30.77% of sample plots. American
elm was more abundant in the two to three and one to two foot categories, yet sugarberry
was most abundant in the smallest height class. There were also minor amounts of cedar
elm, green ash, pecan, and willow oak regeneration scattered throughout the site. Willow
oak was present on 15.38% of control plots in the less than one foot height class, but in
comparatively low abundance (0.31 stems per plot). Raw data shows that two willow oak
seedlings were found on two plots out of 13 sample plots. These seedlings likely
germinated from the previous year’s acorn crop, but will have little chance for survival in
the low light conditions found in control areas of this stand. Cedar elm, green ash, and
pecan each grew in one height class on 7.69% of plots, but had the lowest abundance of
all regeneration in the control areas (0.08 stems per plot).
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Table 17

Average regeneration species abundance by height class and percent
occurrence in control areas at the Catfish Point Air Strip Stand
Species
American elm
Boxelder
Cedar elm
Green ash
Pecan
Sugarberry
Willow oak

Height Class – Feet
< 1 1-2 2-3 3-6 6-10
~~~~~~Stems per Plot~~~~~~
0.08 0.15 0.23 0.00 0.00
2.46 0.62 0.23 0.00 0.08
0.00 0.00 0.00 0.08 0.00
0.00 0.08 0.00 0.00 0.00
0.00 0.00 0.08 0.00 0.00
0.31 0.15 0.00 0.00 0.00
0.31 0.00 0.00 0.00 0.00

Occurrence
~Percent~
30.77
53.85
7.69
7.69
7.69
30.77
15.38

Species composition of the regeneration strata at the Catfish Point Air Strip Stand
is presented in Table 18. Heavy treatment areas were composed of 27.71% green ash,
25.69% sugarberry, and 24.95% American elm. Other less common species were
boxelder, deciduous holly, flowering dogwood, hickory, honeylocust, sweetgum,
sycamore, and water oak. Light treatment areas contained 53.59% sugarberry, 24.31%
boxelder, and 14.36% American elm. Remaining species of minor occurrence were cedar
elm, flowering dogwood, hickory, and sycamore. In contrast to the previous treatment
areas, the control was dominated by 69.84% boxelder in the regeneration strata, followed
by only 9.52% of both American elm and sugarberry. Cedar elm, green ash, pecan, and
willow oak were the remaining species of regeneration found throughout the control. As
previously mentioned, this relatively minor abundance of water oak and willow oak will
not likely mature into advanced regeneration due a lack of available light resulting from
future canopy closure and midstory development.
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The relatively higher percentage of green ash composition in heavy treatment
areas is not necessarily a treatment effect representative across the entire area. In
reference to Table 15, green ash occurred on only 5.88% of heavy treatment plots.
Therefore, the high composition of green ash was a result of high green ash abundance on
very few plots which were likely near a green ash seed source in the overstory.
Table 18

Species percent composition in the regeneration layer by treatment at the
Catfish Point Air Strip stand

Species
American elm
Boxelder
Cedar elm
Deciduous holly
Flowering dogwood
Green ash
Hickory
Honeylocust
Pecan
Sugarberry
Sweetgum
Sycamore
Water Oak
Willow oak

Heavy
Light
Control
~~~~~~~~~~Percent~~~~~~~~~
24.95
14.36
9.52
14.86
24.31
69.84
0.00
0.55
1.59
0.18
0.00
0.00
0.55
6.08
0.00
27.71
0.00
1.59
0.37
0.55
0.00
0.73
0.00
0.00
0.00
0.00
1.59
25.69
53.59
9.52
1.83
0.00
0.00
2.94
0.55
0.00
0.18
0.00
0.00
0.00
0.00
6.35

Light Availability
Average amount of available light at the Catfish Point Air Strip stand was 4.3% in
the control areas (Table 19). There was an average of 47.1% available light in the center
of the heavy treatment areas and an average of 37.3% light halfway between the center of
the opening and the plot boundary. In contrast, light treatment areas had 11.9% mean
available light at plot center and 18% average available light halfway between the plot
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boundary and the plot center. Statistical differentiation among means across all treatment
areas and sites is presented in the statistical comparisons section.
Current light levels in both center and halfway positions of heavy treatment areas
are within the intermediate range of light necessary to support the growth of cherrybark
oak regeneration as discussed in Gardiner and Hodges (1998). However, these light
levels will likely decrease below this desirable intermediate range of light before the
minimal amount of water oak regeneration in heavy treatment areas can grow enough to
survive amongst more competitive shade tolerant regeneration. It is interesting to note
the increase in available light in the halfway position in light treatment areas compared
with the center readings. This is a result of recording the halfway readings between plot
center and the northern boundary of the plot. In most instances, the canopy openings in
light treatment areas were irregularly shaped due to the removal of a single tree whose
crown had grown in competition with neighboring species for available light. Therefore,
these irregular canopy openings occasionally led to greater levels of available light near
the edge of the plot rather than the plot center.
Table 19

Site

Average percent available light by treatment in the Catfish Point Air Strip
stand
Treatment

Control
Catfish Point Air Strip
Heavy
Light
1
Halfway readings were not recorded in control areas.
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Mean Available Light
Center
Halfway
~~~~Percent~~~~
4.3
n/a1
47.1
37.3
11.9
18.0

It is important to remember that the harvesting activities on Catfish Point were
conducted by DFC standards. By definition, group selection areas should be smaller in
diameter than twice the height of the adjacent canopy (Smith 1986). As such, most heavy
treatment areas on Catfish Point were less than one acre in size. Based on this
information, the 0.18% or one stem of water oak regeneration in heavy treatment areas
(Table 18) between one and two feet tall (Table 15) is highly unlikely to survive the
competition from less desirable shade tolerant species as available light in these small
openings dwindles away. A small component of willow oak regeneration was found in
light treatment areas, but this regeneration is not expected to survive because these
openings already have a deficit of available light needed to sustain oak regeneration. As
indicated by the species composition of regeneration in Table 18, the current stand will
continue to perpetuate itself with less desirable species such as sugarberry, boxelder,
American elm, and green ash. Although current levels of available light would not
support oak regeneration in these treatment areas anyway, the lack of overstory oak seed
sources ensure that oaks will continue to diminish from this stand.
Catfish Point - Main Road Stand
Overstory
As shown in Table 20, average overstory basal area in 11 heavy treatment plots
was 44.41 ft2 per acre with 21.36 trees per acre. Sugarberry was the dominant species
which comprised 67.3% of the overstory (Table 21). Pecan (18.4%) and American elm
(8.2%) were also present throughout the stand. The two remaining species which
comprised the overstory in heavy treatment areas were hickory and water oak.
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Table 20

Average overstory basal area and trees per acre in treatment areas at the
Catfish Point Main Road stand

Treatment
Control
Heavy
Light

Basal Area
~~ft2~~
75.46
44.41
58.67

Trees per Acre
46.25
21.36
29.29

Average overstory basal area in seven light treatment plots was 58.67 ft2 per acre
with 29.29 trees per acre (Table 20). Similar to the heavy treatment areas, sugarberry
comprised the vast majority (61.0%) of the light treatment area overstory. Pecan was the
second most common species in the stand, but only made up 24.4% of the overstory
species. American elm (4.9%) and sycamore (9.7%) were the other components of these
areas (Table 21).
Average overstory among eight control plots was characterized by a basal area of
75.46 ft2/ac and a mean of 46.25 trees per acre. Sugarberry comprised 67.6% of the
overstory species. All other species comprised less than 10% each of the stand. These
species included American elm, boxelder, green ash, pecan, persimmon, sweetgum, and
sycamore.
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Table 21

Average overstory species percent composition in treatment areas at the
Catfish Point Main Road stand

Species

American elm
Boxelder
Green ash
Hickory
Pecan
Persimmon
Sugarberry
Sweetgum
Sycamore
Water oak

Treatment
Control
Heavy
Light
~~~~~~~~~~~Percent~~~~~~~~~~
2.7
8.2
4.9
4.1
0.0
0.0
1.4
0.0
0.0
0.0
4.1
0.0
8.1
18.4
24.4
5.4
0.0
0.0
67.6
67.3
61.0
2.6
0.0
0.0
8.1
0.0
9.7
0.0
2.0
0.0

Basal area and number of overstory trees per acre were slightly lower in the Main
Road stand. Upon visual examination of the Main Road stand, the overstory was
obviously much less dense than the overstory of the Air Strip stand. These differences
led to the greater abundance of available light discussed later in this section.
Overstory species composition in the Catfish Point Main Road stand was very
similar to the species composition of the Catfish Point Air Strip stand. Although these
were separate stands, they were close in proximity and were subjected to the same
harvesting practices of the past.
Sugarberry comprised over 60% of the stand across all treatment and control
areas. As shown in Table 21, heavy treatment areas contained almost the exact same
percentage of sugarberry as the control. Even though heavy treatment areas were
subjected to more harvesting, it contained slightly more sugarberry than light treatment
areas. In this stand, pecan appears to have been the preferred species for retention. All
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other species were relatively low in abundance across all treatment and control areas.
Sycamore comprised 8% of the control overstory and 9% of the light treatment areas, but
was not found in heavy treatment areas. This scenario, much like the other species of low
abundance shown in Table 21, is likely the result of variation in residual species
composition from past harvests.
Midstory
Average midstory basal area in 11 heavy treatment plots was 3.96 ft2 per acre
with a mean of 50.91 trees per acre (Table 22). Flowering dogwood was the predominant
species in these areas, comprising 71.4% of the midstory (Table 23). Other minor species
included sugarberry (14.3%), American elm (4.8%), deciduous holly (4.8%), and swamp
chestnut oak (4.8%).
Table 22
Treatment
Control
Heavy
Light

Average midstory basal area and trees per acre in treatment areas at the
Catfish Point Main Road stand
Basal Area
~~ft2~~
20.52
3.96
11.15

Trees per Acre
215.00
50.91
108.57

Average basal area in seven light treatment midstory plots was 11.15 ft2 per acre
with 108.57 trees per acre. In contrast with the midstory in heavy treatment areas,
midstory of the light treatment areas was dominated by 47.6% boxelder. Flowering
dogwood and sugarberry each composed 23.8% of the midstory, and the remaining
midstory stems were American elm (4.8%).
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Average midstory basal area in eight control plots was 20.52 ft2 per acre with 215
trees per acre. Boxelder made up 45.5% of this stand and sugarberry comprised 43.2%.
Remaining species were American elm (6.8%), flowering dogwood (2.3%), and
persimmon (2.3%) (Table 23).
Table 23

Average midstory species percent composition in treatment areas at the
Catfish Point Main Road Stand

Species

American elm
Boxelder
Deciduous holly
Flowering dogwood
Persimmon
Sugarberry
Swamp chestnut oak

Treatment
Control
Heavy
Light
~~~~~~~~~Percent~~~~~~~~
6.8
4.8
4.8
45.5
0.0
47.6
0.0
4.8
0.0
2.3
71.4
23.8
2.3
0.0
0.0
43.2
14.3
23.8
0.0
4.8
0.0

Midstory basal area of the Main Road stand was slightly lower than that of the Air
Strip stand, but there were many more trees per acre in the Main Road stand. This
indicates a greater presence of small diameter stems as opposed to fewer yet larger
diameter midstory stems in the Air Strip stand. The greater number of small diameter
midstory stems could be a result of the lower overstory basal area in this stand. Basal
area of the overstory control areas (75.46 ft2/ac) allowed for greater sunlight penetration
to the forest floor. This increased amount of available light would promote the growth
and competition of a wider array of both shade tolerant and mildly intolerant species in
the midstory. In the Air Strip stand, the higher basal area would limit the available light
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to the midstory, resulting in fewer species yet larger diameter stems in the midstory of
these trees which were able to establish.
Sugarberry and boxelder were the most prevalent midstory species in the Main
Road stand. Heavy treatment areas had the lowest proportion of sugarberry, and light
treatment and control areas had successively more stems. Control and light treatment
areas had high levels of boxelder yet the heavy treatment areas had no boxelder within
the sample plots. In contrast, the heavy treatment areas had a high level (71.4%) of
flowering dogwood, whereas the light treatment areas had 23% and the control areas had
less than 3%. The relatively low basal area (3.96 ft2/ac) and number of trees per acre
(50.91) support the idea that flowering dogwood and the minor abundance of other
species in this midstory were of small diameter and sporadic occurrence.
It is interesting to note that there was a small (4.8%) component of swamp
chestnut oak in the midstory which equated to one stem sampled in one plot. Oaks
typically do not grow well with the competition and low light levels found in the shaded
midstory typical of bottomland hardwood forests. With this fact in mind, the importance
of midstory control must not be underestimated prior to harvest activities to stimulate the
germination and growth of oak seedlings into advanced regeneration before complete
overstory removal. Lowery et al. (1998) observed an increase in the growth and survival
of oak seedlings in midstory control plots in a minor Mississippi bottomland. Their study
determined that midstory injection during the early dormant season had the best control
and ultimately promoted the greatest level of available light for oak seedlings.
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Regeneration
Sugarberry was very common in approximately 90% of sample plots in the heavy
treatment areas. Stems less than one foot tall occurred at an average rate of 3.73 stems
per plot, whereas stems between one and two feet and two and three feet tall were found
at 1.91 and 1.27 stems per plot, respectively (Table 24). There were also 0.55 sugarberry
stems present per plot in the three to six foot height class. This heavy abundance of
sugarberry regeneration across all height classes clearly expressed the ability of this
species to flourish under low light conditions that prohibit the establishment of all but the
most shade tolerant species. This means a very low composition (2.0%) of water oak
seed sources in the overstory of heavy treatment areas (Table 21), coupled with factors
such as cyclical acorn crops and low levels of available light, have inhibited the
establishment and growth of advanced oak regeneration in this stand. The combined total
of five stems of oak regeneration in 9% of sample plots (Table 24) confirms this
hypothesis. When the height of these five stems is considered, only two stems were tall
enough to be considered advanced regeneration. Unfortunately, survival of this advanced
regeneration may still be impeded by the light conditions discussed later in this chapter.
Flowering dogwood was present on 27% of plots and boxelder was found on 18%
of plots. Flowering dogwood stems were present in the height class of less than one foot,
and in the three to six and six to ten foot classes. Boxelder was only present in the one to
two foot height class in 18.18% of sample plots. Other miscellaneous species including
American elm, hickory, and sycamore between one and six feet tall were found on 9% of
the plots. Though American elm and hickory regeneration are shade tolerant and likely
developed under closed canopy conditions, the presence of sycamore indicates an area
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where substantial light is reaching the forest floor. It is unclear whether the sycamore
originated from advanced regeneration or germinated following harvest, but regardless it
will likely suffer from the same decrease in light availability as the oak regeneration
discussed later in this chapter.
Table 24

Average regeneration species abundance by height class and percent
occurrence in heavy treatment areas at the Catfish Point Main Road Stand
Species

American elm
Boxelder
Flowering dogwood
Hickory
Sugarberry
Sycamore
Water Oak
Willow oak

Height Class - Feet
< 1 1-2 2-3 3-6 6-10
~~~~~~Stems per Plot~~~~~~
0.00 0.09 0.18 0.36 0.00
0.00 0.18 0.00 0.00 0.00
0.09 0.00 0.00 0.36 0.18
0.00 0.18 0.00 0.00 0.00
3.73 1.91 1.27 0.55 0.09
0.00 0.00 0.00 0.27 0.00
0.18 0.09 0.00 0.09 0.00
0.09 0.00 0.00 0.00 0.00

Occurrence
~Percent~
9.09
18.18
27.27
9.09
90.91
9.09
9.09
9.09

The majority of regeneration in light treatment areas followed the same trend as
heavy treatment areas. There was a dominant presence of sugarberry regeneration
combined with strong levels of American elm and boxelder. Sugarberry was present in
85.71% of plots, with an average of greater than one stem per plot in the less than one
foot and one to two foot height classes (Table 25). There were 0.71 stems per plot in the
two to three foot height class and 0.14 stems per plot in both three to six and six to ten
foot height classes. American elm and boxelder were present in 57.14% of plots.
American elm was most abundant in the two to three foot height class at an average rate
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of 1.14 stems per plot. It occurred at a rate of 0.29 stems per plot or less in the remaining
height classes.
Water oak was found on 28.57% of plots at a rate of 0.14 stems per plot in less
than one and three to six foot height classes. However, raw data reveals that this
abundance is based on one stem of water oak regeneration found in two separate sample
plots. Cedar elm, eastern cottonwood, flowering dogwood, green ash, hickory, sycamore,
and willow oak were present on 14.29% of plots. Abundance of each of these species
ranged from 0.14 to 0.29 stems per plot in varying height classes except six to ten foot.
In the case of willow oak, one stem between one and two feet tall was found in one
sample plot. In comparison, two stems each of eastern cottonwood and sycamore were
found in one sample plot.
Table 25

Average regeneration species abundance by height class and percent
occurrence in light treatment areas at the Catfish Point Main Road Stand
Species

American elm
Boxelder
Cedar elm
Eastern cottonwood
Flowering dogwood
Green ash
Hickory
Sugarberry
Sycamore
Water oak
Willow oak

Height Class - Feet
< 1 1-2 2-3 3-6 6-10
~~~~~~Stems per Plot~~~~~~
0.29 0.14 1.14 0.29 0.14
0.29 0.00 0.14 0.43 0.00
0.14 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.29 0.00
0.00 0.00 0.00 0.14 0.00
0.00 0.00 0.14 0.00 0.00
0.14 0.00 0.00 0.00 0.00
1.29 1.71 0.71 0.14 0.14
0.00 0.29 0.00 0.00 0.00
0.14 0.00 0.00 0.14 0.00
0.00 0.14 0.00 0.00 0.00
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Occurrence
~Percent~
57.14
57.14
14.29
14.29
14.29
14.29
14.29
85.71
14.29
28.57
14.29

Sugarberry was the most prevalent species in control plots. It was found on
87.5% of plots, and there were an average of 4.25 stems per plot less than one foot tall.
Sugarberry averaged only 0.75 stems per plot between one and two feet tall and 0.25
stems in two to three and three to six foot height classes (Table 26). Boxelder occupied
75% of control plots and was most abundant in the less than one foot height class. The
only other boxelder stems were between one to two feet tall at a rate of 0.38 stems per
plot. American elm and water oak occurred on 37.5% of plots. American elm averaged
at most 0.25 stems per plot in the one to two, two to three, and three to six foot height
classes. Water oak averaged 0.13 stems per plot less than one foot tall and 0.25 stems per
plot between one and two feet tall. This equates to only one stem in each of three sample
plots in control areas. Other species were green ash, hickory, Chinese privet, swamp
chestnut oak, and sweetgum on 12.5% of plots.
Swamp chestnut oak was comparatively the most abundant of these species, yet it
only occurred at a rate of 0.25 stems per plot in the two to three foot height class. Even at
this abundance, only two stems of swamp chestnut oak were discovered in one sample
plot. According to the results of Collins and Battaglia (2002), the presence of light after
seedling establishment is critical for survival of swamp chestnut oak and other
bottomland oak species. Although these swamp chestnut oak stems are considered
advanced regeneration, they are expected to die from the low light conditions in the
shaded understory of these control areas. All other species occurred at a rate of 0.13
stems per plot in varying height classes up to six feet tall.
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Table 26

Average regeneration species abundance by height class and percent
occurrence in control areas at the Catfish Point Main Road Stand
Species
American elm
Boxelder
Chinese privet
Green ash
Hickory
Sugarberry
Swamp chestnut oak
Sweetgum
Water oak

Height Class
< 1 1-2 2-3 3-6 6-10
~~~~~~Stems per Plot~~~~~~
0.00 0.25 0.13 0.13 0.00
2.25 0.38 0.00 0.00 0.00
0.13 0.00 0.00 0.00 0.00
0.13 0.00 0.00 0.00 0.00
0.00 0.13 0.00 0.00 0.00
4.25 0.75 0.25 0.25 0.00
0.00 0.00 0.25 0.00 0.00
0.00 0.13 0.00 0.13 0.00
0.13 0.25 0.00 0.00 0.00

Occurrence
~Percent~
37.50
75.00
12.50
12.50
12.50
87.50
12.50
12.50
37.50

Sugarberry was the most common species in the regeneration strata across all
treatment areas. It comprised 76.1% of the regeneration in heavy treatment areas, 47.5%
in light treatment areas, and 55.7% in control areas (Table 27). Other miscellaneous
regeneration species in heavy treatment areas included American elm, boxelder,
flowering dogwood, hickory, sycamore, water oak, and willow oak. These species each
comprised less than 10% of the overall regeneration.
Sugarberry was the primary species in light treatment plots and comprised 47.5%
of the regeneration. American elm made up 23.7% of regeneration and boxelder was
10.2%. Remaining species were cedar elm, eastern cottonwood, flowering dogwood,
green ash, hickory, sycamore, water oak, and willow oak, and each comprised less than
4% of the regeneration present.
Approximately 55% of regeneration in the control areas was sugarberry.
Boxelder was the second most common species and comprised 26.6% of the
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regeneration. Other species which occurred in control areas were American elm, green
ash, hickory, Chinese privet, swamp chestnut oak, and sweetgum. Each of these species
were less than 6% of the overall composition.
Similar to the Catfish Point Air Strip stand, sugarberry was highly abundant
across all treatment and control areas. American elm and boxelder also composed
notable percentages of regeneration species across all areas. As previously stated, this
regeneration is a strong indication of the primary overstory species of this stand prior to
harvest. Though water oak, willow oak, and a few other somewhat desirable species
were present, none of these species comprised over 4% of the total regeneration species
in any treatment or control area.
In summary, regeneration across all treatment and control areas in this stand
indicate that the future overstory will be comprised of sugarberry, American elm,
boxelder, and other commercially undesirable species as well. The very low presence of
oak regeneration and overall lack of environmental conditions conducive to the
recruitment of future oak regeneration virtually ensure the perpetual loss of oaks and
other commercially desirable shade intolerant species in this stand.
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Table 27

Species percent composition in the regeneration layer by treatment at the
Catfish Point Main Road stand

Species
American elm
Boxelder
Cedar elm
Chinese privet
Eastern cottonwood
Flowering dogwood
Green ash
Hickory
Sugarberry
Swamp chestnut oak
Sweetgum
Sycamore
Water oak
Willow oak

Heavy
Light
Control
~~~~~~~~~Percent~~~~~~~~~
6.4
23.7
5.1
1.8
10.2
26.6
0.0
1.7
0.0
0.0
0.0
1.3
0.0
3.4
0.0
6.4
1.7
0.0
0.0
1.7
1.3
1.8
1.7
1.3
76.1
47.5
55.7
0.0
0.0
2.5
0.0
0.0
2.5
2.8
3.4
0.0
3.7
3.4
3.8
0.9
1.7
0.0

Light Availability
Similar to control areas at O’Keefe WMA and the Catfish Point Air Strip stand,
there was 5% available light in the center of the control plots at the Catfish Point Main
Road stand (Table 28). Heavy treatment areas had 58.6% available light at plot center
and 45.6% at the halfway reading position. In contrast, light treatment areas had 40.1%
available light at the plot center and 24.9% at the halfway reading position. Significant
differences in light availability among treatment areas and sites are discussed in the
statistical comparisons section.
This stand resembles the pattern of light availability shown across treatment and
control areas in the Catfish Point Air Strip stand. However, the lower overstory basal
area and trees per acre in this stand contribute to the slightly higher average amounts of
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available light in all sample areas. Although both heavy and light treatment areas in this
stand currently have suitable levels of available light, the relatively small size of these
canopy openings will undergo the same growth response as described earlier. The
surrounding overstory canopy will flourish in response to the increase in available light,
and the subsequent midstory in these openings will capture the majority of the filtered
light passing through the canopy. The lack of advanced shade intolerant regeneration and
heavy abundance of well-established shade tolerant regeneration indicate which species
will develop into the next stand. In this case, the less desirable shade tolerant species will
thrive and develop into the future overstory at the expense of any short stems of shade
intolerant regeneration.
Table 28

Average percent available light by treatment in the Catfish Point Main Road
stand

Mean Available Light
Site
Treatment
Center
Halfway
~~~~Percent~~~~
Control
5.0
n/a1
Catfish Point Main Road
Heavy
58.6
45.6
Light
40.1
24.9
1
Halfway readings were not recorded in control areas.
Statistical Comparisons
Overstory
Overstory basal areas were not significantly different among treatment areas or
sites. In addition, there was no significant difference in the number of overstory trees per
acre among treatment areas or sites (Tables 29 and 30). Although the range of mean
overstory basal area appears substantial, there was enough variation within the basal
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areas of each site and treatment to produce comparisons that were not significantly
different. This same situation applies to the number of trees within each site and
treatment area.
Table 29

Average overstory basal area and trees per acre by site for all treatments

Site

Basal Area
Trees Per Acre
2
~~ft ~~
Catfish Point Air Strip
88.3A
39.4A
Catfish Point Main Road
59.5A
32.3A
O'Keefe Wildlife Management Area
74.8A
47.7A
*Means in a column followed by the same letter are not significantly different at α=0.05.
Table 30

Average overstory basal area and trees per acre by treatment across all sites

Treatment

Basal Area
Trees Per Acre
2
~~ft ~~
Control
86.8A
48.7A
Heavy
62.9A
31.2A
Light
72.9A
39.5A
*Means in a column followed by the same letter are not significantly different at α=0.05.
Midstory
Midstory basal area was found to be significantly different among sites and
treatment areas (Tables 31 and 32). O’Keefe Wildlife Management Area had a
significantly higher midstory basal area than both the Catfish Point Air Strip and Catfish
Point Main Road stands.
Midstory basal area was also significantly different among treatment areas. Based
on averages, control plots had the highest basal area, which would be expected. Plots
within light treatment areas exhibited less midstory basal area than control areas, yet
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more basal area than heavy treatment areas. Plots within heavy treatment areas had the
lowest basal area.
Table 31

Average midstory basal area and trees per acre by site for all treatments

Site

Basal Area
Trees Per Acre
2
~~ft ~~
Catfish Point Air Strip
15.3B
88.5B
Catfish Point Main Road
11.9B
124.8B
O'Keefe Wildlife Management Area
19.9A
316.9A
*Means in a column followed by the same letter are not significantly different at α=0.05.
O’Keefe Wildlife Management Area had the highest number of midstory trees per
acre. There was no significant difference in midstory trees per acre between the Catfish
Point Air Strip stand and the Catfish Point Main Road stand. However, control and light
treatment plots had a significantly greater average number of midstory trees per acre than
heavy treatment plots.
Table 32

Average midstory basal area and trees per acre by treatment across all sites

Treatment

Basal Area
Trees Per Acre
2
~~ft ~~
Control
25.0A
321.6A
Heavy
8.0C
71.3B
Light
14.0B
137.3A
*Means in a column followed by the same letter are not significantly different at α=0.05.
Light Availability
Center Reading
There was a significant difference among light readings taken at plot center
among treatment areas (Table 33). Heavy and light treatment areas exhibited
significantly greater light availability than control plots. Although light availability was
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highest in heavy treatment areas, it was not significantly different from light availability
in the light treatment areas. There was no significant difference in light availability
among sites (Table 34).
Half way Reading
There was a significant difference in light readings taken at the halfway point in
the heavy and light treatment areas (Table 33). The heavy treatment exhibited a
significantly greater level of available light than light treatment areas. This is due to the
average larger canopy openings in heavy treatment areas which resulted from group
selection harvests. A significant difference was observed among all three sites as well
(Table 34). The greatest amount of available light was observed in the Catfish Point
Main Road stand. This results from the relatively low overstory basal area and trees per
acre when compared to the Catfish Point Air Strip stand and O’Keefe WMA. Therefore,
the higher overstory basal area and trees per acre at the Catfish Point Air Strip stand led
to significantly less available light in the half way readings than the Catfish Road Main
Road stand. This lower amount of available light in the Air Strip stand could also be
partially attributed to the fact that this stand was assessed two years following DFC
treatments. In comparison, O’Keefe Wildlife Management Area had the lowest level of
available light in the halfway reading but the highest average basal area and number of
trees per acre.
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Table 33

Average percent available light across all sites by treatment

Mean Available Light
Treatment
Center
Halfway
~~~~~~Percent~~~~~~
Control
4.8B
n/a1
Heavy
46.6A
36.2A
Light
26.9A
16.2B
*Means in a column followed by the same letter are not significantly different at α=0.05.
1
Halfway readings were not recorded in control areas.
Table 34

Average percent available light for heavy and light treatment areas by site

Mean Available Light
Site
Center
Halfway
~~~~~Percent~~~~~
Catfish Point Air Strip
29.5A
27.7B
Catfish Point Main Road
49.4A
35.3A
O'Keefe WMA
31.4A
15.6C
*Means in a column followed by the same letter are not significantly different at α=0.05.
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CHAPTER V
CONCLUSIONS

This study was the first characterization of residual bottomland hardwood forest
conditions of DFC applications in Mississippi. As such, all sampling methods were
originally conceived and implemented to fully document the dynamic conditions across a
forest following DFC application. It is important to note that this study simply provides
an overview of conditions that were present in mid-summer of 2012. As of 2012, these
findings are the sole documentation of early stages of DFC management in Mississippi.
Each of the three stands in this study offer a reference to residual conditions based on the
experience and intentions of the DFC timber marking crew who initiated DFC
implementation. The most notable difference in residual stand composition among the
two sites was overstory species composition.
As previously mentioned, DFC installment was not responsible for this wide
variation in residual species composition on these sites. Past management practices, such
as single tree selection and “high grading”, led to the species composition found on
Catfish Point. It is also important to note that multiple “high grading” harvests over
decades led to this shift in species composition. This shift occurred because of the
selection cutting methods and disregard for long-term forest planning which did not
promote the perpetuation of naturally dominant shade intolerant trees into the overstory.
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On O’Keefe WMA prior to harvest, managers marked the stand with the intention
of DFC installment, and also favored their desired oak growing stock. As a result, stand
conditions resembled a light shelterwood harvest rather than the conditions characteristic
of group and single tree selection. However, Catfish Point DFC installation across two
subsequent years was led and monitored by personnel experienced with marking
bottomland hardwood timber to meet the forest parameters set forth by DFC objectives
using uneven-aged management. Although the overstory of Catfish Point was heavily
composed of less desirable shade tolerant species in all treatment areas, there was a
notable decrease in sugarberry composition in the heavy treatment. This was likely the
intended result due to the high percent of sugarberry in the stand. A decrease in
sugarberry could lead to an increase of other species, which could lead to greater species
diversity.
Attaining species diversity is a goal of DFC management. Species diversity is
undoubtedly beneficial to any naturally regenerated stand because it promotes stand
development from interspecific competition, increased resilience to insects and disease,
and many other ecological functions important to forest sustainability. However, the
Lower Mississippi Valley Joint Venture (2007) currently suggests that species should not
be a determining factor when marking timber prior to group and single tree selection
harvests. Rather, the selection of harvest trees is based on the promotion of multi-strata
canopy development, sustaining potentially low vigor trees for the recruitment of snags
and coarse woody debris, and creating shrub-scrub habitat to support wildlife of special
conservation concern.
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These DFC objectives should be carefully weighed and considered against the
goals of forest ownership by any manager considering DFC application. The initial forest
response to DFC treatments is summarized below. It is also important to note that no
observable differences in species composition were noted between the Catfish Point
stands one and two years after harvest, although a slight reduction in light availability in
the Air Strip stand is likely attributed to a growth response over two growing seasons
since DFC treatments.
High residual overstory basal area and number of trees per acre at O’Keefe WMA
were characteristic of the light shelterwood harvest that was used. O’Keefe WMA had
more residual overstory stems per acre across all treatment areas than both stands at
Catfish Point. O’Keefe WMA also had a greater percentage of oak, ash, sweetgum, and
other commercially desirable shade intolerant species. Catfish Point Air Strip stand also
had a very high average basal area in light treatment and control areas, but a notably
lower basal area in heavy treatment areas. Main Road stand at Catfish Point exhibited the
lowest densities. Catfish Point had a greater level of sugarberry, boxelder, American
elm, and other species that are less desirable for commercial timber production and
wildlife use. While O’Keefe WMA resembled a residual shelterwood harvest, both
Catfish Point stands were characteristic of single tree and group selection harvests.
It is important to note that no form of midstory control has been applied to these
stands. O’Keefe WMA had the highest midstory basal area and number of stems per
acre. Midstory species at O’Keefe WMA were primarily elms, hickories, and red maple.
Both stands at Catfish Point were characterized by a dense midstory as well, primarily in
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control areas and light treatment areas. However, the species composition here was
dominated by sugarberry and boxelder.
Regeneration was variable in terms of abundance and species across all stands and
treatment areas, but was representative of the overstory on each site. The O’Keefe WMA
understory was characterized by oak and other shade tolerant and intolerant regeneration.
However, Catfish Point understory was primarily characterized by sugarberry and other
shade tolerant regeneration.
Light availability consistently averaged approximately 5% in control areas across
all three sites. Available light in center readings of both heavy and light treatment areas
ranged from 11-58%, whereas light availability in halfway readings ranged from 5-45%
across all sites. Although this current range of light availability is acceptable for
initiation and early development of shade intolerant regeneration, the amount of light
availability which remains through the next few years will truly determine growth and
survival of shade intolerant regeneration on these sites.
The importance of light availability for shade intolerant regeneration must be
recognized. Desired forest condition guidelines suggest promoting advanced
regeneration of shade intolerant species on 30-40% of an area under DFC management.
However, the guidelines also suggest that group selection areas be restricted to less than
20% of the DFC area. Across all study areas in this project, control areas exhibited
approximately 5% available light. Light treatment areas had approximately 27%
available light in the center of the plot, but only 16% halfway between plot center and the
plot boundary. In comparison, the heavy treatment had 46% available light at plot center
and 36% at the halfway position. Under circumstances present during this study, the
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center of both treatment areas and the halfway position of the heavy treatment could
allow enough sunlight availability necessary to sustain shade intolerant regeneration
requiring a minimum of 25% available light. However, shade intolerant regeneration will
require the same amount of light or more as it matures. In a few short years, group and
single tree selection openings created under DFC management will not likely provide the
light requirements of this regeneration.
Initially, there will be sufficient light in the center of both light and heavy
treatment openings to sustain regeneration. At the same time, there will be insufficient
light in the light treatment areas to sustain shade intolerant regeneration anywhere except
at the center of the opening. As the canopy and midstory of both treatment areas recover
from harvest disturbance, they will grow in response to the increase in available light.
Eventually, these canopies of these openings will not allow sufficient sunlight penetration
to sustain shade intolerant regeneration. Because DFC guidelines only allow for a
maximum of 20% of the forest to be harvested using group selection, only a small area
was capable of developing advanced regeneration. It is therefore unlikely that shade
intolerant regeneration will develop into the overstory due to competition from other
shade tolerant species (Oliver et al. 2005).
As explained above, light availability will be the determining factor to survival of
oak regeneration under DFC management. Based on these results, O’Keefe WMA will
have the largest component of oak regeneration compared to Catfish Point stands in five
years. However, that is simply because O’Keefe WMA has a significant overstory oak
component for a seed source. The overstory will continue to grow in diameter in
response to the increased light availability from this harvest. However, lack of midstory
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control in this stand will become a significant problem. Although oak regeneration is
present, the majority of it will die from the growth response of the dense midstory. As
the overstory and midstory grow, the amount of available light will decrease until full
canopy closure occurs again. At this point, further management action will be required to
initiate the development of advanced oak regeneration. Future management
recommendations for shade intolerant species on O’Keefe WMA would include midstory
control using herbicide injection in the fall proceeding harvesting activities. After
midstory control, a heavy shelterwood harvest should allow sufficient sunlight
availability to the forest floor to initiate the growth of oaks. Once sufficient advanced
oak regeneration is established, complete harvest of all overstory trees would complete
the steps to regenerate this stand. If preferable, the overstory could be retained to create a
two-aged stand.
Light availability will also determine the future of the Catfish Point stands.
However, lack of light availability tends to guide forest composition at Catfish Point.
Both of these stands will be virtually identical to their pre-DFC treatment conditions in
five years. The overstory will still be dominated by sugarberry, American elm, and
boxelder. Unfortunately, midstory and regeneration layers will likely continue to be
dominated by those species as well. Heavy and light treatment areas will experience
canopy closure just like the O’Keefe WMA stand. Afterwards, shade tolerant species
will once again be the only trees capable of thriving in the low-light conditions.
Future management activities at Catfish Point will depend on the goals of
ownership. If desired, the shift of species composition of these stands into more desirable
species would require harvesting the vast majority of the current stands. The oak
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component of these stands is too low to ensure natural regeneration for stocking. Though
costly, some form of artificial regeneration is the only way to increase the oak component
of these stands in the foreseeable future.
In summary, forest managers should note the high tree densities of these posttreatment areas and fleeting presence of available light when considering uneven-aged
forest management proposed through DFC implementation when managing commercially
desirable shade intolerant species. Though available light was relatively high in heavy
treatment and certain light treatment areas, this level of light is expected to decrease
substantially due to overstory crown closure. As a result, this brief period of light
availability could not be relied upon to promote growth and development of shade
intolerant regeneration. Data in this study indicate that DFC treatments will continue to
promote recruitment and growth of shade tolerant species into the future overstory at both
Catfish Point stands.
This thesis presents the characteristics of initial conditions following DFC
application. Future forest inventories of these and other DFC areas will be crucial to the
understanding of the implications of DFC management in Mississippi. The review and
consideration of these results should be considered alongside DFC goals just like any
other management scheme in order to fully realize and promote the wise, ethical, and
sustained use of the bottomland hardwood forest wildlife and resources in Mississippi.

76

LITERATURE CITED
Aust, W. M., J. D. Hodges, and R. L. Johnson. 1984. The origin, growth, and
development of natural, pure, even-aged stands of bottomland oak. P. 163-170 in
Proc. Third Bienn. South. Silvic. Res. Conf., Shoulders, E. (ed.). USDA For.
Serv. Gen. Tech. Rep. SO-54.
Barry, J. E, and L. E. Nix. 1992. Impact of harvesting activities on oak seedling
establishment in a bottomland hardwood forest. P. 155-159 in Proc. Seventh
Bienn. South. Silvic. Res. Conf., Brissette, J. C. (ed.). USDA For. Serv. Gen.
Tech. Rep. SO-93.
Battaglia, L. L., R. R. Sharitz, and P. R. Minchin. 1999. Patterns of seedling and
overstory composition along a gradient of hurricane disturbance in an old-growth
bottomland hardwood community. Canadian Journal of Forest Research 29(1):
144-156.
Battaglia, L. L., S. A. Fore, and R. R. Sharitz. 2001. Seedling emergence, survival and
size in relation to light and water availability in two bottomland hardwood
species. Journal of Ecology 88: 1041-1050.
Carvell, K. L., and E. H. Tryon. 1961. The effect of environmental factors on the
abundance of oak regeneration beneath mature oak stands. Forest Science 7(2):
98-105.
Castleberry, S. B., W. M. Ford, K. V. Miller, and W. Smith. 2000. Influences of
herbivory and canopy opening size on forest regeneration in a southern
bottomland hardwood forest. Forest Ecology and Management 131: 57-64.
Clatterbuck, W. K., and J. S. Meadows. 1993. Regenerating oaks in bottomlands. P.
184-185 in D. Loftis and C. E. McGee, editors. Oak regeneration: Serious
problems, practical recommendations. USDA For. Serv. Gen. Tech. Rpt. SE-84.
319 pp.
Collins, B. 2003. Ground layer competition and herbivory effects on cherrybark oak
(Quercus pagoda Raf.) regeneration in experimental canopy gaps. Journal of the
Torrey Botanical Society 130(3): 147-157.
Collins, B. S., and L. L. Battaglia. 2002. Microenvironmental heterogeneity and
Quercus michauxii regeneration in experimental gaps. Forest Ecology and
Management 155: 279-290.
77

Collins, B. S., and L. L. Battaglia. 2008. Oak regeneration in southeastern bottomland
hardwood forest. Forest Ecology and Management 255: 3026-3034.
Ezell, A. W. 2013. Personal communication. January 31, 2013.
Ezell, A. W, J. Lowery, B. Leopold, and P. J. Minogue. 1999. Use of imazapyr injection
to promote oak regeneration and wildlife stand improvement in bottomland
hardwood stands. P. 151-153 in Proc. Tenth Bienn. South. Silvic. Res. Conf.,
Haywood, J. D. (ed.). USDA For. Serv. Gen. Tech. Rep. SRS-30.
Faust, E. 1983. Improvement cuts can pay way to good hardwood stands. For. Farmer
42(10): 12-13.
Gardiner, E. S., and J. D. Hodges. 1998. Growth and biomass distribution of cherrybark
oak (Quercus pagoda) seedlings as influenced by light availability. Forest
Ecology and Management, 108(1), 127-134.
Gardiner, E. S., and L. M. Helmig. 1997. Development of water oak stump sprouts
under a partial overstory. New forests, 14, 55-62.
Goelz, J. C. G., and J. S. Meadows. 1997. Stand density management of southern
bottomland hardwoods. In: Meyer, Dan A., ed. Proceedings of the 25th annual
hardwood symposium; 25 years of hardwood silviculture: a look back and a look
ahead; 1997 May 7-10; Cashiers, NC. Memphis, TN: National Hardwood
Lumber Association: 73-82.
Golden, M. S. 1994. Establishment of oak regeneration in group selection openings in a
river floodplain forest. P. 413-418 in Proc. Eighth Bienn. South. Silvic. Res.
Conf., Edwards, M. B. (ed.). USDA For. Serv. Gen. Tech. Rep. SRS-1.
Guttery, M. R., A. W. Ezell, J. D. Hodges, R. P. Maiers, and A. J. Londo. 2006.
Evaluation of artificial regeneration of oaks, willow oak acorn production, light
conditions following midstory control, and the effects of long-term annual
flooding on forest vegetative composition in an Arkansas greentree reservoir.
Mississippi State University.
Hart, C. P., J. D. Hodges, K. Belli, and J. Stanturf. 1994. Evaluating potential oak and
ash regeneration on minor bottoms in the Southeast. P. 434-442 in Proc. Eighth
Bienn. South. Silvic. Res. Conf., Edwards, M. B. (ed.). USDA For. Serv. Gen.
Tech. Rep. SRS-1.
Hodges, J. D. 1987. Cutting mixed bottomland hardwoods for good growth and
regeneration. Proceedings of the 15th Annual Hardwood Symposium of the
Hardwood Research Council, Memphis, TN, May 10-12, 1987.
Hodges, J. D. 1989. Regeneration of bottomland oaks. Forest Farmer 49(1): 10-11.
78

Hodges, J. D., and G. Janzen. 1986. Studies on the biology of cherrybark oak:
recommendations for regeneration. P. 133-139 in Proc. Fourth Bienn. South.
Silvic. Res. Conf., Phillips, D. R. (ed.). USDA For. Serv. Gen. Tech. Rep. SE-42.
Hodges, J. D., and G. L. Switzer. 1979. Some aspects of the ecology of southern
bottomland hardwoods. North America’s Forests: Gateway to Opportunity, P.
360-365 in Proc. 1978 Joint Conv. Soc. of Amer. For. and the Can. Inst. For.
SAF, Washington, D.C.
Hurst, G. A., and R. C. Myers. 1982. Regeneration following a commercial
improvement cut in a bottomland hardwood forest. Miss. Agric. and For. Exp.
Stn. Res. Rep., Vol. 7, No. 18, 4 p.
Hurst, G. A., and T. R. Bourland. 1980. Hardwood density and species composition in
bottomland areas treated for regeneration. Southern Journal of Applied Forestry
4(3): 122-127.
Janzen, G. C., and J. D. Hodges. 1984. Influence of midstory and understory vegetation
removal on the establishment and development of oak regeneration. P. 273-278 in
Proc. Third Bienn. South. Silvic. Res. Conf., Shoulders, E. (ed.). USDA For.
Serv. Gen. Tech. Rep. SO-54.
Janzen, G. C., and J. D. Hodges. 1986. Development of advanced oak regeneration as
influenced by removal of midstory and understory vegetation. P. 455-461 in
Proc. Fourth Bienn. South. Silvic. Res. Conf., Phillips, D. R. (ed.). USDA For.
Serv. Gen. Tech. Rep. SE-42.
Johnson, R. L., and F. W. Shropshire. 1983. Bottomland hardwoods. In: R.M. Burns
(Technical Compiler), Silvicultural Systems for the Major Forest Types of the
United States. Agric. Handb. 445. U.S. Dept. of Agriculture, Washington, D.C.,
pp. 175-179.
Kellison, R. C., J. P. Martin, G. D. Hansen, and R. Lea. 1988. Regenerating and
Managing Natural Stands of Bottomland Hardwoods. Bottomland Hardwood
Management Taskforce, Southeastern Technical Division, American Pulpwood
Association Inc. APA 88-A-6.
Kellison, R. C., and M. J. Young. 1997. The bottomland hardwood forest of the
southern United States. Forest Ecology and Management 90: 101-115.
Kennedy, H. E., and R. L. Johnson. 1984. Silvicultural alternatives in bottomland
hardwoods and their impact on stand quality. In: Proceedings, 14th Annual
Southern Forest Economics Workshop, Guldin, R. W. (ed.). 1984 March 13-15;
Memphis, TN. New Orleans, LA: USDA For. Serv., So. For. Experiment Stn: 618.
79

Larsen, D. R., and P. S. Johnson. 1998. Linking the ecology of natural oak regeneration
to silviculture. Forest Ecology and Management 106(1): 1-7.
Lockhart, B. R., J. D. Hodges, and E. S. Gardiner. 2000. Response of advance
cherrybark oak reproduction to midstory removal and shoot clipping. Southern
Journal of Applied Forestry, 24, 45-50.
Lower Mississippi Valley Joint Venture (LMVJV) Forest Resource Conservation
Working Group. 2007. Restoration, Management, and Monitoring of Forest
Resources in the Mississippi Alluvial Valley: Recommendations for Enhancing
Wildlife Habitat. Edited by R. Wilson, K. Ribbeck, S. King, and D. Twedt.
Lower Mississippi Valley Joint Venture (LMVJV) Forest Resource Conservation
Working Group. 2011. Wildlife Forestry in Bottomland Hardwoods: Desired
Forest Conditions for Wild Turkey, White-tailed Deer, and other Wildlife.
Lowery, J. W., A. W. Ezell, J. D. Hodges, K. L. Belli, and P. Minogue. 1998. Effects of
Imazapyr Injection on Competing Understory and Midstory Stems in Oak
Regeneration Areas: First Year Results. Mississippi State University.
McKnight, J. S. 1967. Application of Uneven-Aged Silviculture to Southern Hardwood
Forests. Proceedings of the Symposium on Hardwoods of the Piedmont and
Coastal Plain, p. 61-64. Georgia Forest Res. Counc., Macon, GA.
McKnight, J. S., and Johnson, R. L. 1980. Hardwood management in southern
bottomlands. For. Farmer (23rd Manual Ed.) 39(5): 30-39.
McLemore, B. F. 1990. Cornus florida L. Flowering dogwood. Pages 278–283 in R. M.
Burns and B. H. Honkala, coordinators. Silvics of North America. Volume 2:
Hardwoods. U.S. Forest Service Agriculture Handbook 654.
Meadows, J. S. 1993. Logging damage to residual trees following partial cutting in a
green ash-sugarberry stand in the Mississippi Delta. In Proceedings of the 9th
central hardwood forest conference, A. R. Gillespie, G. R. Parker, P. E. Pope, and
G. Rink (eds.). Gen. Tech. Rep. NC-161. USDA Forest Service, North Central
Forest Experiment Station, St. Paul, MN, p. 248-260.
Meadows, J. S. 1994. Stand development and silviculture in bottomland hardwoods. In
W.P. Smith and D.N. Pashley, Eds., Proceedings of a Workshop to Resolve
Conflicts in the Conservation of Migratory Landbirds in Bottomland Hardwood
Forests , 9-10 August 1993, Tallulah, LA. Gen. Tech. Rep. SO-114. USDA
Forest Service, Southern Forest Experiment Station, New Orleans, LA, pp. 12-16.
Meadows, J. S. 1996. Thinning guidelines for southern bottomland hardwood forests.
In: Proceedings of the Southern Forested Wetlands Ecology and Management
Conference, K.M. Flynn (ed.). Clemson University, Consortium for Research on
Southern Forested Wetlands, Clemson, SC, pp. 98-101.
80

Meadows, J. S., and J. A. Stanturf. 1997. Silvicultural systems for southern bottomland
hardwood forests. For. Ecol. Manage. 90: 127-140.
Meadows, J. S., and J. D. Hodges. 1997. Silviculture of southern bottomland
hardwoods: 25 years of change. P. 1-16 in Proc. 25th Annual Hardwood
Symposium, Meyer, D. A. (ed.).
Microsoft Office. 2007. Microsoft Office Excel.
Mitchell, S. J., and B. W. Beese. 2002. The retention system: reconciling variable
retention with the principles of silvicultural systems. Forestry Chronicle 78: 397–
402.
Oliver, C. D., E.C. Burkhardt, and D.A. Skojac. 2005. The increasing scarcity of red
oaks in Mississippi River floodplain forests: influence of the residual overstory.
Forest Ecology and Management, 210, 393–414.
Peairs, S. E., A. W. Ezell, K. L. Belli, and J. D. Hodges. 2004. A comparison of oak
regeneration conditions following midstory injection and partial overstory
removal in a Tombigbee River terrace. Connor, Kristina F., ed. Proceedings of
the 12th biennial southern silvicultural research conference. Gen. Tech. Rep.
SRS–71. Asheville, NC: U.S. Department of Agriculture, Forest Service,
Southern Research Station. 594 p.
Putnam, J. A. 1951. Management of bottomland hardwoods. Southern Forest
Experiment Station, Occasional Paper 116.
Putnam, J. A., G. M. Furnival, and J. S. McKnight. 1960. Management and inventory of
southern hardwoods. USDA Forest Service, Agriculture Handbook 181. U.S.
Government Printing Office, Washington, DC. 102 p.
Rogers, R., P. S. Johnson, and D. L. Loftis. 1993. An overview of oak silviculture in the
United States: the past, present, and future. Annales des Sciences Forestieres
50(6): 535-542.
Sander, I. L. 1971. Height growth of new oak sprouts depends on size of advance
reproduction. Journal of Forestry 69(11): 809-811.
Sander, I. L. 1972. Size of oak advanced reproduction: key to growth following harvest
cutting. USDA For. Serv. Res. Paper NC-79. 6 p.
SAS Institute Inc. 2008. SAS/STAT® 9.2 User’s Guide. Cary, NC: SAS Institute Inc.
Skojac, D. A., A. W. Ezell, J. D. Hodges, and J. S. Meadows. 2005. The Diameter and
Bole Quality Response of Residual Hardwood Poletimber Following Thinning in
Sawtimber Stands. Mississippi State University.
81

Smith, D. M. 1986. The practice of silviculture. John Wiley & Sons, New York, NY.
570 pp.
Stanturf, J. A., and J. S. Meadows. 1994. Natural regeneration of southern bottomland
hardwoods. P. 6-l1 in Proc. South. Reg. Counc. On For. Engin. Vicksburg, MS.
Walker, L. C., and K. G. Watterston. 1972. Silviculture of southern bottomland
hardwoods. Stephen F. Austin State University, School of Forestry, Nacogdoches,
TX.
Wenger, K. F. 1953. The sprouting of sweetgum in relation to season of cutting and
carbohydrate content. Plant Physiology, 28: 35–49.

82

